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Abstract-- This paper was conducted to characterize the 

aerodynamic behaviour of the blade wind turbine (Ge1.5xle) by 

computational fluid dynamics (CFD), the simulation was 

performed typical to the blade of Ge1.5xle which is 41    m length 

using three different airfoils S818, S825 and S826 for the blade 

root, primary and tip respectively. The blade was added one meter 

for fixation to the hub of rotation. The blade designed to be twist 

by 42 degrees from first airfoil place to the last one at the tip of the 

blade with attack angle is 4 degree based on the specification of 

the wind turbine Ge 1.5xle to enable comparison the results of 

computational fluid dynamics (CFD) with the specification data of 

wind turbine mentioned above, also with the theoretical 

calculations. The results of simulation at rated wind speed 11.5 

(m/s) are agreed with the specification data of the wind turbine 

such as the aerodynamic efficiency is    (%), but obvious variation 

is observed for blade tip speed. Furthermore, the velocity vectors 

are in good agreement with flow characteristic and the flow was 

perfectly attached and there is no flow separation over the three 

different airfoils used. 

I. INTRODUCTION 

ecently, the world demand has increased of the energy 

through a rise of human life level. The results of the oil 

price raise and its environment influence, the scientific 

researchers have been performed on the renewable energy as 

the alternatives of fossil fuels which are the wind energy one of 

renewable energy applications and it is the most promising 

sources of the renewable energy.  

   The wind energy can be converted into mechanical power 

through blades which are the most vital component of wind 

turbine. Blades play a major part in wind turbines and they 

have more potential of the wind turbine efficiency/performance 

improvement to capture a more energy from wind. The 

efficiency of wind turbine blades depends on the number of 

factors (such as the blade shape and material) where the blade 

shape controls the aerodynamic characteristics and the pressure 

distribution in service. The most important parameters of the 

blade material are to be high stiffness, low density and long 

hypothetical life. Nowadays, the composite materials have been 

used for a fabrication of the wind turbine blades to reduce the 

blade weight in turn decreasing the gravity effect load. 

    The numerical investigation of power coefficient of 

horizontal axis 3-blades wind turbine implemented and 

compared with experimental data for the same tip speed ratio, 

and the results were a good agreement with an estimation error 

of about 5% [ ]. The performance analysis of a small horizontal 

axis wind turbine predicted at low Reynolds number using 

blade element momentum theory and using Computational 

Fluid Dynamics (CFD) and experiment. The performance was 

analysed for wind speeds between 2m/s to 7m/s. Studies 

showed that the blade is capable of generating power up to 

241W with a power coefficient of 34.3% at a speed of 6m/s. 

The computed power coefficient is in a good agreement with 

experimental results 33.7% [ ]. 

   The main goal of this paper is to analyze the flow field 

around the blade of horizontal axis Ge1.5xle wind turbine by 

numerical solving the governing equations of Continuity [ ] 

and Momentum Equations and the Reynolds-averaged Navier-

Stokes (RANS) equations [ ]. Upstream and downstream wake 

visualization in three dimensions velocities are scope of the 

paper. Furthermore, the tangential velocity at the tip of blade 

and the wind turbine dynamic performance will be plotted and 

compared with the theoretical and technical data of horizontal 

axis Ge1.5xle wind turbine. 

 

II.  BLADY GEOMETRY 

      A. Blade Airfoil Selection 

   The rotor blade designs in       m length category, hence 

three different airfoils were selected and distributed along the 

blade. The airfoils distribute in the blade root, primary and tip 

regions. The proposal of airfoils at the root of the blade is 

mainly structural, contributing to the aerodynamics 

performance of the blade but at a lower level. Thus, the root of 

the blade is bigger and stronger than the other two airfoils used 

at the primary and tip regions. The airfoils closer to the tip of 

the blade generate higher lift due to speed variation in the 

relative wind [ ]. Firstly, we started by selection of airfoils. We 

chose to use the NREL S-series of airfoil as described in 

R 
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(Malcom and Hansen). These airfoils are in general somewhat 

thicker than the types typically seen on airplanes due to 

structural concerns, and are largely insensitive to roughness. 

The set of three airfoils are defining a single blade with a 

variable cross section, such that the blade root airfoil (S818) is 

the cross-section shape at the location of largest chord length, 

the blade primary airfoil (S825) is the shape at 75% of the 

blade radius, and the blade tip airfoil (S826) which occurs at 

95% of the radius. The airfoils data are gathered from the 

NREL documents and are validated to be accurate with XFLR, 

and figure (1), shows the blade airfoils profile of NREL S818, 

S825, and S826 respectively [ ]. 

 

 

 

 

Figure ( ). Airfoils Profile of NREL (S818, S825, S826) 

       B. Blade Geometry  

    The determination of the blade shape depends on the airfoils 

selection in the whole blade, which were designed for wind 

turbine blade by CATIA V5R20 software. The Blade is 41.25 

m long, it was divided into a twenty elements starting from 

blade root, and it was twisted 42 degrees from root section to 

tip. The shape distribution of the blade starts by circular hub 

section. This circular shape transfers into own profile, then it 

transits to S818 in the root region, and it converts to airfoil 

S825 in blade primary region, and then converting to airfoil 

S826 at the blade tip region in sequence as shown in table (1). 

 
Table   ) Wind Turbine Blade Geometry 

element r/R 
Twist 

(Deg) 
Chord (m) Airfoil 

                  

S818 

                  

                  

                  

                    

                   

                 

                 

                 

S825 

                  

                     

                     

                     

                     

                     

                     

                     

S826 
                     

                     

              

   After the design of the blade geometry was completed, then 

the blade geometry is imported into computational fluid 

dynamics  CFD) analysis systems, That’s important for the 

prediction of the blade aerodynamic performance at variation of 

wind conditions in order to obtain the distribution of pressure 

loads on the blade surface to use it in Static and transient 

Structural Analysis Systems. 

III. NUMERICAL MODELLING 

    Mathematical models and algorithms are required to perform 

numerical analysis of fluid -structure interaction. 

Computational fluid dynamics (CFD) is a section of the fluid 

mechanics which is used for numerical modelling and 

simulation of fluid flows. Finite element analysis is used for 

analysis of the structural behaviour under various boundary 

conditions.  

A. Continuity and Momentum Equations 

      The evolution of a fluid element is governed by two 

conservation laws: the conservation of mass and the 

conservation of momentum. Mass conservation leads to the 

continuity equation and can be written as follows [ ]: 

                     
  

  
   (  ⃑ )                                 )                                                      

The equation above is the general form of mass conservation 

equation and is valid for incompressible as well as 

compressible flows. 

Conservation of momentum in an inertial (non-accelerating) 

reference frame can be described [ ]:  

 

  
(  ⃑ )    (  ⃑  ⃑ )        (  ̿)                   )                 

Where p is the static pressure,   ̿ is the stress tensor (described 

below), and            are the gravitational body force and 

external body forces respectively.    also contains other model-

dependent source terms such as porous-media and user-defined 

sources. 

The stress tensor   ̿ is given by: 

       ̿    (  ⃑    ⃑  )  
 

 
   ⃑                                       ) 

Where   is the molecular viscosity, I is the unit tensor, and 

second term on the right hand side is the effect of volume 

dilation. 

B. Reynolds Averaged Navier Stokes (RANS) Equations 

      The Reynolds-averaged Navier-Stokes (RANS) equations 

are related to the fluid flow motion of the time-averaged. These 

equations are utilized firstly during the application of the 

turbulent flow. These equations with approximation are utilized 

to obtain approximate average solutions to the Navier-Stokes 

equations depending on the knowledge of turbulence flow 

properties. The equations can be written in Cartesian tensor 

form as [ ]: 

                    
  

  
 

 

   
(   )                                              ) 
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   These two equations ( ) and ( ) are called Reynolds-averaged 

Navier-Stokes (RANS) equations. In the instantaneous of 

solution variables in both Reynolds averaging and Navier-

Stokes equations are analysed into ensemble-averaged/time 

averaged and fluctuating components such as the velocity 

components: 

                               ̅    
                                                )                                                                                           

Where   ̅ and   
  are the mean and fluctuating velocity 

components (i=1,2,3). 

 

Also the same, for pressure and other scalar quantities: 

                     ̅                                        )                                                                                                 

Where   symbolizes a scalar such as pressure, energy, or 

species concentration. 

C.  Turbulence Models 

      The velocity fluctuation inducts the flow to be turbulent; 

these fluctuations generate a mixture of the transported 

quantities as momentum, energy, and species concentration, 

and also fluctuate the transported quantities. Since these 

fluctuations can be in the small scale form and high frequency, 

the simulation of this form is more computationally expensive. 

The instantaneous equations of continuity and momentum are 

accounted to be a time average, ensemble-averaged. These 

equations have additional contained flow unknown variables 

and turbulence models are applied to define these variables in 

turns known quantities [ ]. The turbulent flow is defined by the 

Reynolds number.   

   The laminar flow can be considered when the Re number less 

than 1200, likewise the flow can be turbulent when the Re 

number is higher than that. The turbulent flow is described the 

fluid motion in a winding path. In this study, the design stream 

velocity is 8 m/s and based on the design velocity can be 

calculated Reynolds number which is ....., according to 

Reynolds number calculated, the flow is completely turbulent. 

Hence, the study assumption for the flow is to be 

incompressible flow. 
There are different turbulence models in ANSYS fluent (CFD) 

can be chosen, such as: 

• Spalart-Allmaras model 

• k-ε models (standard, renormalization-group(RNG), 

realizable) 

• k-ω models (standard, sheer-stress transport (SST)) 

• Transition SST models 

• Reynolds Stress models (RSM) 

• Detached eddy simulation (DES) model 

• Large eddy simulation (LES) model 

 

   In this study, the turbulence model was chosen the shear 

stress transport k-ω model. The applications of a low of 

Reynolds number can use the k-ω SST model without extra 

damping functions. In the free stream, the SST formulation 

converts to a k-ϵ behaviour to avoid that the k-ω problem that 

the model is very sensitive to the inlet stream turbulence 

properties. The turbulence model k-ω SST computes for its 

good behaviour in adverse pressure gradients and flow 

separation [ ]. 

IV. THEORETICAL CALCULATIONS  

 
A. Blade Tip Speed 

     According to the specification sheet of the GE 1.5xle wind 

turbine, theoretically can be calculated the Blade tip speed. We 

can then later compare this result with what we get from our 

simulation to verify that they agree. The blade tip speed (V) can 

obtain by apply the following formula: 

              V=r.                                                   )                                                                         

  Plugging in our angular velocity of 2.22 rad/s and using the 

blade length of 41.2 meters plus one meter to account for the 

distance from the root to the hub, we get 42    meters. 

Therefore the tip speed is: 

                V =                     (m/s)  

 

   Additionally, by using the simple one-dimensional 

momentum theory, we can estimate the power coefficient 

which is the fraction of harnessed power to total power in the 

wind for the given turbine swept area. This analysis uses the 

following assumptions:  

a. The flow is steady, homogenous and incompressible.  

b. There is no frictional drag.  

c. There is an infinite number of blades. 

d. There is uniform thrust over the disc or rotor area.  

e. The wake is non-rotating.  

f. The static pressure far upstream and downstream of the rotor 

is equal to the undisturbed             ambient pressure.  

 
B.  Power Coefficient 

   The designed blade supposed to resemble GE 1.5xle wind 

turbine blade [10]. Referring to the wind turbine Ge1.5xle 

specification sheet demonstrates rated power 1.5 MW at rated 

wind velocity 11.5 m/s for rotor diameter to be 84.5 m. A 

power coefficient [1 ] is then defined as: 

                               
                                                                                ( ) 

                        
      

     
 

      

              
                              )                                              

 
The resulting power coefficient of 28.7% it is very reasonable. 

We will compare it to power coefficient obtained from the 

simulation in the Verification and Conclusion section. 

 

V. POWER COEFFICIENT 

    The power generated by the kinetic energy of a free flowing 

wind stream is shown in Figure ( ), where is defined as the 

ratio of the power extracted by the wind turbine relative to the 

energy available in the wind stream. Power coefficient (Cp), 

represented as extracted power over the total power, it can be 

expressed by the induction factor (a) as: 

               (   )                                                    (  ) 
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Where ( ) is Induction factor, the fractional decrease in wind 

velocity between the free stream and rotor plane can be 

expressed in terms of an axial induction factor, a: 

                       
    

  
                                                          )                                                       

Where,   is the velocity at the disk and it is defined by: 

                     
 

 
(     )                                                )                                                    

   and    are free stream and downstream velocities 

respectively. The amount of axial induction factor determines 

the amount of power extracted by turbine [ ]. 

 
Figure ( ). Control Volume for Idealized Actuator-disk Analysis 

 

VI. BOUNDARY CONDITIONS 
A. Computational Domain  

     The 3-D model of wind turbine contains three blades used 

which is symmetric, thus one blade was selected for numerical 

simulation has a length       (m) as shown in the figure ( ). 

Rotational blade speed is defined at      (RPM). The flow 

around the blade is turbulent flow. 

 

Figure ( ). the Three Blades Wind Turbine Model 

   In this study for computation aerodynamic load on 

wind turbine blade was analyzed taking into respect 

an isolated blade with periodic boundaries, in order 

to make simulation a full three-blade rotor as much 

as a smaller domain, saving simulation time. For 

that, the 3-D domain is modelled as a semi-

cylindrical section (conical shape) with a central 

angle of 120°. The domain inlet is planed    (m) 

ahead of the blade and the domain outlet     (m) 

behind the blade, and expands radially from the 

turbine axis of rotation to shroud at the     (m) 

radius in the inlet, and     (m) at the outlet, as 

shown in the figure ( ). The mode Boolean operation 

is applied for removal solid blade from the fluid 

domain; hence it creates a void in place of the blade. 

This void in the fluid domain is appropriate to 

implement CFD simulation. 

 

Figure ( ). Fluent Domain of CFD 

B.  Numerical Mesh for CFD Computation 

     A number of local mesh controls have been applied to the 

numerical mesh for CFD computation to define the mesh 

feature in specific areas. The first model applied was the match 

control for matching the nodes for different surfaces. The 

second mode applied was inflation to specify cell size on the 

blade surface and captured the boundary layers on the object. 

The elements number of the mesh is 351988 which considered 

to be a very fine mesh quality. The mesh parameters help the 

CFD solver to converge with reducing the iterations and less 

error, that's can be obtained by keeping the quality of 

orthogonal ratio higher and skewness lower for whole CFD 

domain [12], where the quality average of orthogonal and 

skewness were 0.8364, 0.25617 respectively. Figure (5) shows 

the fluid domain mesh implementation. Through the 

observation, the mesh transition is a smooth, and a very 

accurate and small near to contact surfaces. The mesh control 

applications have been performed for obtaining the appropriate 

solutions. 

   The inlet velocity of boundary conditions can be set to the 

wind velocity free stream. The outlet pressure of the boundary 

condition assigns at atmospheric pressure. The domain outer 

surface can assign by the same of main inlet velocity. the fluent 

domain selected to be a conical shape based on the results 

experimental which have described that wake expansion behind 

the blade is formed conically [13,  ]. The blade is chosen as 

the stationary non-slip wall, and the computational domain is 

taken into consideration to be a rotation frame by specified the 

rotational speed. The periodic boundary condition is applied for 

the computational domain reduced the number of grids to 

enable finer grids as shown in the figure ( ) one-third of the 

turbine. 

   The air density and viscosity are chosen to be 1.225 kg/m
 
, 

1.7894E-05 (kg/m.s) respectively, and the inlet turbulent 

intensity is 5%. In this study, the turbulence model is selected 

to be the k-ω shear stress transport (SST) model in the fluid 

solver: because it absorbs both the property of good accuracy in 

the near-wall region of standard k-ω model and nice precision 

in the far field region of k-ϵ model, it is more accurate and 

reliable for a wider class flow than the standard k-ω model. The 

most important features of the two-equation model developed 

by Menter [1 ] has the ability to transform from a k-ϵ 
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turbulence model [  ] appropriate of the simulation far-field 

flows to a  k-ω turbulence model [1 ] appropriate to modelling 

the boundary layer.  

 

Figure   ). The Fluent Mesh 

VII. Results and Discussion 

    At rated wind speed 11.5 (m/s), the velocity vector at three 

cross-sections selected which are defined as the blade radius 

percentage are in good agreement of flow characteristic and the 

flow is perfectly attached and there is no flow separation. We 

can be an obvious observation from figure (6) that the velocity 

vector on the upper surface is faster than the lower surface at 

the three different airfoils. Such as, for the blade tip region 

     ×R) the velocity vector is 112.2 (m/s) on the upper surface 

while the velocity vector on bottom surface approximately is 70 

(m/s). The increase in velocity vector on upper surface creates a 

lower pressure and decrease in velocity vector on lower surface 

creates high pressure, this result of pressure difference creates 

lift force and it is higher in tip blade region compared with root 

and primary region. 

   

(a) 0.29 R                            (b) 0.65 R  

 
 (c) 0.92 R   

Figure ( ) Velocity Vector over Three Different Airfoils 

    In computational fluid dynamic (CFD)-post for the numerical 

results. We will enable the visualization of a full 3-blade wind 

turbine as shown in figure (7). The blade velocity obtained by 

the numerical analysis increases with increasing of rotor radius 

because it is the rotation of the blades.  The tip blade velocity, 

which is the highest velocity and it is equal       (m/s), while, 

the blade tip velocity obtained by theoretical calculation based 

on aerodynamic theory is      (m/s). 

 

Figure ( ). Blade Velocity 

   The fluid domain shows the wind velocity streamlines around 

the wind turbine blades as it illustrates in the figure (8). This 

figure record that, the wind velocity streamline is presented on 

colour graduation from blue to red explaining the change in the 

wind velocity streamline when it passes the blades of wind 

turbine. Wind turbine rotor extracts kinetic energy from wind, 

for that the wind velocity is decreased back of wind turbine as 

it shows in the figure (8), therefore it can be observation of 

velocity change from upstream wind which is the rated wind 

velocity and equal V =11.5 (m/s) and it is represented by green 

colour to downstream velocity and it is equal V =9.5 (m/s) and 

it is represented by blue colour. 

 

Figure ( ). Velocity Streamlines 

   The wind turbine efficiency can be calculated according to 

the velocity streamlines values were obtained from fluent 

simulation which are the up-stream and down-stream velocities 

shown in the figure ( ) and then applying these values on 

equations (6) to (8) to compute the wind turbine efficiency, and 

that equal Cp=   %.    

   Table (2) demonstrates comparison results of tip blade 

velocity and the wind turbine efficiency for specification data, 

theoretical calculation and the Computational Fluid Dynamic 

(CFD) simulation results of The Ge 1.5 xle wind turbine 
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Table (2) Comparison Results 

Parameter 
Specification 

Data Sheet 

Theoretical 

Calculation 

CFD 

Results 

Tip Blade Speed (m/s)    [  ]            

Power Coefficient Cp 

(%) 
           

 

VIII.  CONCLUSION 

     In present study, the performance of horizontal axis wind 

turbine is computed by implementation of the computational 

fluid dynamic (CFD), and these results are compared with the 

specification data of the Ge1.5xle wind turbine, also with the 

theoretical calculation. The computational fluid dynamics 

(CFD) result of the  power coefficient is in agreement with the 

specification data of Ge1.5xle wind turbine has been published 

for the aerodynamic efficiency and this is the present study 

points, but obvious variation of blade tip velocity compared 

with the specification data. The velocity vectors at rated wind 

speed are observed around the three different airfoils using for 

the Ge1.5xle wind turbine show that, the flow characteristic is 

in good agreement and it is perfectly attached and it has not 

observe any flow separation. The velocity flow through the 

upper surface is faster than the lower surface for the three 

sections selected which causes the pressure difference and as 

result it creates the lift force. The velocity vector can be 

observed in higher velocity on upper blade surface than bottom 

surface, such as the velocity vectors at the blade section 

(0.92×R) are 112.2 (m/s) for the upper surface and 70 (m/s) for 

the bottom surface.  Finally, according to the results are 

obtained from the computational Fluid dynamics, this 

computational method can be applying for optimization of wind 

turbines. 
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