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Abstract 

This paper investigated the affection of the wind environments by the wind turbine by 

performing the wind tunnel test and the Computational Fluid Dynamics, (CFD).  The 

downstream wind speed and turbulence intensity profile affected by the wind turbine 

measured by the wind tunnel test were compared with the numerical simulation results.  Both 

the numerical dynamic mesh and sliding mesh models were selected for the numerical 

simulations.  Slide mesh is selected for use on numerical simulation for there is not much 

difference after comparing the function test of dynamic mesh and slide mesh.  The wind 

tunnel results showed that wind  speed profiles at along wind direction were decreasing after 

constructions at height lower than the wind turbine. However, the turbulence intensity profiles 

were increasing in this level. The results of the comparison between numerical simulations 

and wind tunnel measurements were acceptable at both of the wind speed and turbulence 

intensity profile.   

1 Introduction 

Renewable energy production and demand are gaining momentum in many ways across the world. 

There is a booming demand of the wind power today. Wind turbines are used to generate electricity 

from the kinetic power of the wind.  To understand the effects on wind environment by the wind 

turbines are  essential.  Computational fluid dynamics (CFD) is one of the branches of the fluid 

mechanics that uses numerical methods and algorithms to solve and analyze problems that involve the 

fluid flows.  Advanced technology makes computers faster and more powerful, which allows the CFD 

procedures to be applied to many experimental flow problems [1],[2].  

This paper presents a combined experimental and computational study into the wind 

environments affected by the wind turbine. The wind tunnel tests were carried out to obtain the 

downstream wind speed of the area of the wind turbines by using the hot film probes. Three 

dimensional unsteady CFD models were generated to predict the same data as the wind tunnel test. 

Considering the dynamics similarity between the wind tunnel test and the field measurement, the wind 

tunnel test performed with the lower rotating speed of the wind turbine than the full scale wind turbine.  

If a CFD model can be established for predicting the wind environments affected by  the wind turbine, 

it will be very helpful for the designer to get more information about the effects of the wind turbines at 

downstream area for the wind environments during the design and the planning stage of the project. 

 

 

 

 

http://en.wikipedia.org/wiki/Fluid_mechanics
http://en.wikipedia.org/wiki/Fluid_mechanics
http://en.wikipedia.org/wiki/Numerical_methods
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2 Experimental Setup 

Fluid modeling 

The experiments were performed in a low-speed environmental wind tunnel located at Tamkang 

University in Tamsui, Taiwan. The test section of the wind tunnel has dimensions of 3.5＊18＊2.0 m 

and can generate an average wind speed of up to 16 m/sec. To avoid having the walls of the tunnel 

interfere with the flow rates and streamlines, the cross-sectional area of an obstacle should be less than 

5% of the tunnel crosssectional area. The boundary layer thickness from the tunnel walls showed less 

than a 5% change (from 14 to 14.5 cm thick) with the model present. Therefore, we can safely assume 

for our experiments that the tunnel wall has a negligible effect on the bulk of the flow field within the 

test section. Figure 1 showed the setup and locations of the measurements of wind speed at 

downstream of the wind turbine by hot film probes 

 

  

Figure 1.  Measurements of wind speed at downstream of the wind turbine by hot film probes 

Numerical modeling 

The numerical simulation tool used in this study was the computational fluid dynamics software, 

Fluent [3]. The Fluent CFD software was based on a finite volume discretization of the equations of 

motion.  In this study, steady and unsteady with the RNG kappa-epsilon (κ − ε) and Large Eddy 

Simulation turbulence models were adopted to calculate the flow fields around the wind turbine and 

examine the results of the wind velocity and turbulence intensity profiles downstream of the wind 

turbines.  Both of the sliding mesh model and the dynamic mesh model were also used.  

 

 Sliding Mesh Model 

When a time-accurate solution for rotor-stator interaction is desired, the sliding mesh model is used to 

compute the unsteady flow field. The sliding mesh model is not only the most accurate method for 

simulating flows in multiple moving reference frames, but also the most computationally demanding. 

Most often, the unsteady solution that is sought in a sliding mesh simulation is time-periodic. That is, 

the unsteady solution repeats with a period related to the speeds of the moving domains. However, the 

other types of transients including translating sliding mesh zones can also be simulated. For example, 

two cars or trains pass in a tunnel. 

 

Dynamic Mesh Model 

The dynamic mesh model can be used to model flows where the shape of the domain is changing with 

time due to motion on the domain boundaries. The motion can be a prescribed motion or an 

unprescribed motion where the subsequent motion is determined based on the solution at the current 

time. The update of the volume mesh is handled automatically by software at each time step based on 
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the new positions of the boundaries. To use the dynamic mesh model, the user needs to provide a 

starting volume mesh and the description of the motion of any moving zones in the model. Software 

allows the user to describe the motion using either boundary profiles, user-defined functions (UDFs), 

or the Six Degree of Freedom solver.  Figure 2 showed the geometry and grid point setup for 

numerical model. The minimum face grid resolution  on the wind turbine blade is 8.0*E-7 M2. For the 

resolution of the turbulent flow scales, and the correct representation of the wake. That meshes are 

acceptable.  

 

 

Fig.2 Grid point setup image with (a) Dynamic Mesh Model. And (b) Sliding Mesh Model 

3 Results and discussion 

This research is expected to find the correlation of the wind turbine and the wind environment 

by using the wind tunnel experiment and computational fluid dynamics to set up an 

assessment method to predict wind environments. Both the numerical dynamic mesh and 

sliding mesh models were selected for the numerical simulations.  Figure 3 showed the 

comparison of Velocity & T.I. at along wind direction between the before and after 

constructions. The velocities at along wind direction were decreasing after constructions at 

height lower than the wind turbine. However, the turbulence intensity profiles were increasing 

in this level. Figure 4 showed the comparison of Velocity & T.I. at along wind direction 

between the measured and calculated. The results of the comparison between numerical 

simulations and wind tunnel measurements were acceptable at both of the wind speed and 

turbulence intensity profile.   

Since the wind tunnel experiment can't (reflect) satisfy the real flow field of the wind turbine, 

the study is attempted to find the best mode and parameter by comparing the numerical 

simulation with the flow characteristic of wind tunnel experiment. The mode and parameter 

are set up to imitate the real dimensions of the wind turbine. The result is then utilized to 

cooperate with wind tunnel experiment to assess the influence on wind environment. Slide 

mesh is selected for use on the numerical simulation for there is not much difference after 

comparing the function test of dynamic mesh and slide mesh. However, in the result of the 

numerical prediction of the wind turbine, the wind velocity profiles have the same trends with 

the wind tunnel experiment results and the results of the turbulent intensity profile are close to 

wind tunnel data. 
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Fig. 3  Comparison of Velocity & T.I. at along wind direction between the before and after 

constructions. 

 
Fig. 4  Comparison of Velocity & T.I. at along wind direction between the measured and calculated. 
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