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Abstract: The present work aims to evaluate a computatiaeehinique to predict the influence of a wind turbime
the wind of the region that will shelter a wind far Using the commercial Computational Fluid Dynarmsidtware

CFX — based on the finite volume method — and trking features of a wind turbine, the modelingraf wind power
plant will be included in a ground to the numeridinulation, in order to obtain features as the waffects in the
region after the turbine. The analysis of the tnds influence in the region wind flow provide maletails to the
optimization of the another towers distributiontie wind farm to obtain the best energetic utii@atfrom the site. A
geometric model of a wind turbine was created eyRBbtz optimum dimensioning and the numerical sitiwul of the

turbine working was developed in a computationahdi equivalent to a virtual aerodynamic tunneleThchnique
to the numerical simulation was implemented usimg parallel processing. The Computational Fluid Bsrics

analysis was developed solving the Navier-Stokemteops in a turbulent and transient state. Theowviy and

pressure fields to different times were observadtha velocity profiles in the turbulent wake regidhe results are
coherent with the literature and show that the nhaged is able to simulate the turbine working ider to study the
generated wake.

Keywords: Wind Turbines, Computational Fluid Dynamics, @putiation, Wind Farm
1. INTRODUCTION

The energy is present in all the world economyasctThe world growth is directly related to energie plants,
offices, houses, cars, trucks depend on the eniergperate. This energy currently is derived frassil fuels, nuclear
and water power plants seems to be readily avaifiluse.

In recent years the living standards of much ofwbeld population, mainly in industrialized coumtsihas improved
considerably. With this improvement, the use ofrgpén the world increased 10 times since 1900 (GHR, 2003).
This increase was met by fossil fuels, as coal @hthe main sources of energy worldwide. Concdroua global
warming and the end of the oil reserves is by niakémewable energy gain prominence on the internatiscene.

In Brazil, water resources are widely used, but éngployment of new hydroelectric power plant regsithe
displacement of many people and cause great emeéntal impact in the region flooded by the reserebithe plant.
Moreover, environmental and social pressures chulid the expansion of this type of energy. The nemergy model
adopted by Brazil seeks to diversify the energyrixand to reduce dependence on water resourcashstimulated
the creation of programs to encourage alternathergy sources. The increased investments in rerlevesiergy are
providing a greater interest in optimizing the o$evind for a wind farm. In Brazil there is a gremttential for the use
of this energy source, which is allowing a sigrafitincrease in its use.

In this work, the wind energy will represent thenegwable energy source, characterized by the gémeraf
electricity from the kinetic energy of wind, whids converted into mechanical energy by the rotatihghe rotor
blades of the turbine.

This paper aims to evaluate the influence of a viimtine on the wind from a region which will house&vind farm.
This study seeks a better use of wind to elecyrigéneration based on the distribution of the t@wer the ground.
Thus, using a tool for numerical analysis by finitdume method in the view of the flow of air iretstudy region.

With the obtained results from the numerical sirtiataof a wind turbine, the feasibility of the iafling a wind
farm can be evaluated by following the safety reemmdations used in provision of wind turbines i@ field.

2. REVIEW

The generation of electricity from the rotationa¢ahanical energy of the wind turbine has the wisdaariving
force. For the study of wind turbine is of utmasiportance to know the characteristics of the wthdreby making
better use of it.

According to “Custodio (2002)”, winds are generalbgtthe uneven heating of the earth surface. Ttination of
the Earth’s rotation axis in relation to the sunsss the intensity of incident solar radiation atep regions is less than
one incident in the equatorial region, causingffedince in temperature and, consequently, the mewe of air.

In Rio Grande do Sul, which is situated the stuth; the predominant winds are due the south tedinticyclone,
which moves counter-clockwise. These winds are erilxy an area of high pressure in the Atlantic @céatween
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South America and Africa. In this region also isetved the Minuano wind, related to the displaceémércold and
strong air masses from the poles.

However, these winds are not available near thth'easurface, where its speeds are reduced dueughness of
the ground. On wind farms, the factor that intexfeon the region wind is the presence of anothed wirbine
upstream of the flow. The presence of obstaclébearflow causes the appearance of areas of gndmtiémce, reduced
speeds and wind recirculation, called the wakeieest(GASCH; TWELE, 2002).

2.1. Energy conversion

The rotor blades of a wind turbine are respondiniehe transformation of the kinetic wind energyoi mechanical
energy in the rotational turbine hub. This trangfation is made by the reduction in wind speed tivagn passing by
the rotor blades, undergoes a change of directidncauses the appearance of a force in the direcficotation of the
turbine hub (CUSTODIO, 2002).

By reducing the wind speed, its kinetic energyaswerted into mechanical energy by the turbinerrddowever, it
is not possible to turn all this available energipiusable energy in the wind turbine. Becauseéhisf the maximum
power that can be extracted by a wind turbine vemgiwhen the output speed of the rotor is equal3oof the incident
wind speeds on the rotor blades (GASCH; TWELE, 2@aSTODIO, 2002). This restriction is known as Betz
limit which is the theoretical value of 16/27 otthvailable power.

The power provided by the wind for energy produttie defined considering airflow with velocity passing
through the area relating to the rotor blades. Ppbiser can be evaluated as:

P= %pvs(ﬂRz) @

where:

P = Power provided by wind [W];
p = air density [kg/m3];

R = blade radius [m];

v = wind velocity [m/s].

Besides the theoretical Betz limit, the power et be extracted from the wind will take furtheduetions due to
performance from other turbine components. Theesb&mpower provided by wind that is extracted bg tbrbine is
defined as power coefficie@p, that according to Petry and Mattuella (2007) isleat®d by Eq. (2). In practice, this
value hardly exceeds 40% (CUSTODIO, 2002).

_ Energy

P (2)
HxE,

where:

Cr = Power Coefficient;

Energy= Amount of energy that can be obtained;

H = period of hours considered;

Pno = Rated Power of considered turbine.

2.2. Vortex wake

The vortex wake formed behind the region of thedatiirbine, also known as its “shadow”, is an impottfactor in
defining the layout of turbines on a wind farm. Biaking the conversion of the kinetic energy of #ig wind turbine
causes a deficit in wind velocity through the rotaraddition, there is the movement of the rotadls cause a spin of
this flow.

The downstream region of the rotor is characterlzgthe presence of so-called Karman vortex (WHIZED2). It
is a turbulent region that tends to fade away aoies away from the turbine, almost recoveringatiginal terms of
velocity. When a turbine is placed on the influenegion of another, the extracted energy will bduced due to lower
e=wind potential, which has an average velocitydptian original (CUSTODIO, 2002).

In general it is kept the distance of about teresirthe turbine rotor diameter for a turbine insthilownstream, and
five times the turbine rotor diameter for a turbinstalled laterally on the prevailing wind dirextifor safety, to avoid
the influence of a rotor in the incident flow onostmer (AMARANTE, 2001). A representation of thesstances in a
wind farm can be seen below in Fig. 1.
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Figure 1.Vortex wake and turbine distance (ATLAS DO POTENCIBOLICO BRASILEIRO, 2001).

Increasing the distance between the wind farm mabithe performance is increased. However, thetegrélae
spacing, the greater the required area for wineh fastallation, increasing the installation costs.

Another effect caused by the installation of a wintbine in the shadow of another is the increassméchanical
loads on its tower. This is due to the increaséehisity of existing turbulence.

3. METHODOLOGY

This work aims to use of computational tools ask@rnative for the solution of engineering probdéehe use of
these tools in the turbine design for the explmtatof wind power will allow a more detailed chatexization of
airflow through the generation towers of a farm.

3.1. Geometry Creation

For the geometry creation being considered it weisi@alized turbine following the Betz theory, whigrovides the
chord and the turning angle on a function of bla@dekus. Applying the theoretical Betz limit in thalculation of the
provided power by wind according to Eq. (1), acamgdo Gasch and Twele (2002) the Betz theorepcaler Psetz)

is:
16 p

P, =—%X
Betz 27 2V

(R) 3)

Using the Betz optimal design, the chord of thdifgearies with the radius of the blade, accordinghe following
equation:

3

_1l62m
n27 C. wWQrcosf )

c(r) (4)

where:

c(r) = chord according to the blade radius [m];
n = number of blades turbine;

r = local radius of the blade [m];

C. = Lift Coefficient;

w = wind velocity [m/s];

Q = rotation [rad/s];

y  =direction angle of apparent wind [rad].

By following the utilization of Betz optimal dimeiogiing, the blades spin angle varies with the ra@iccording to:

3r
Br) = arctar(EE ij +a, (5)
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wheref(r) is the blades spin anglg,is the specific velocity of rotor ang, is the angle of attack of the blades,
defined in radians.

3.2. Mathematical M odelling

To characterize the behavior of the wind througb thind turbines throughout the domain, it was utieal
numerical simulation as working tool. This approadins to assess the best arrangement of wind estfitom the
knowledge of the wake effects on wind velocitiesddi

The numerical computational analysis is based ernFihite Volume Method and the Reynolds Averagedi®a
Stokes equations (RANS), where they are evaluatedidering the average over a time interval langeugh for the
turbulence study. Models are placed to representdtal effects of turbulence in the flow (PETRY)02; AGUIRRE
OLIVEIRA JR., 2004).

3.2.1. Turbulence Modd k-¢

Turbulence is the random fluctuation of fluid prags velocity direction over the time. It is a cdeg three-
dimensional and transient process. This phenomewmurs for higher Reynolds numbers, which is a flow
characteristic and indicates how the viscous foatesovercome by inertial forces.

The k-¢ model is based on the transport of scalar quasititiith k being the fluid kinetic energy andthe kinetic
energy dissipation okre. Thek- model is used as standard in the industry andeisrtbst popular and gives relatively
good results, together with a satisfactory strenBtlt it does not show good results in rotatiohaf where boundary
layer detachment occurs because it provides a oatiynistic estimative of these effects, delaying ttetachment on
highly curved surfaces.

The k-¢ model makes a gradient diffusion hypothesis, tatecthe Reynolds stress to mean velocity and eddy
viscosity. The eddy viscosity is defined as thedpict of eddy velocity and eddy length scale.

4. RESULTSAND ANALYSIS

For the geometry creation to be examined, an id&adl turbine was chosen, following the Betz theamhich
provides the blade chord and the spin angle agiimof the blade radius. It was opted for the heigf 50 m for the
turbine nacelle height, which approximates thosedusn operational wind farms. For this model, theQd4412
profile was utilized, varying the chord and spirglen

In this study it was chosen to use blades with 16 total radius R), wind velocity of 7 m/s and air density of 1,23
kg/m®, which results on a Betz theoretical power of 39384 W, according to Eq. (3).

With the aid of a spreadsheet for solving the equoat(3), (4) and (5), with the radius ranging frdnd to 10
meters, it was obtained chord values between 1&émnand spin angle 67,72 degrees for the radiibaneters and
from 0,34 meters of chord with spin angle from 96d&grees to the section concerning the radiu® ahéters of the
rotor blade.

In design of wind turbine blades, tBeangle was applied on the transversal sectionderoto maintain the attack
edge linear.

For creation of the rotor blade model, it was usiesl commercial program ANSYS ICEM CFD 11.0, usihg t
license and computational resources from CESUP&RAtfo Nacional de Supercomputacao), located atG8-R

Thorough the importation of profile points, twodmare created connecting them, one at the topeoither at the
bottom of the geometry. These two lines has twomom point, which are the points whose distancenés dirfoll
chord. Please note that the profile creation d@sglesline has generated problems in the profiation of surfaces and
mesh.

The first section with the desired profile is cezhfor a radius of 1.5m. This distance is maintaifer the initial
coupling between the rotor blades and the windierbThe following sections has an increase inusdif 0.5 m, a
spin and a scale applied according to Betz dimairsip They are form by the lines mentioned abow @e repeated
until the desired maximum radius, that is 10 mtfds paper.

The created surfaces was done by the same metlyydaiidhe lines. It was created a surface conngdtie bottom
profile lines and other connecting the upper peofihes. In the section concerning the maximumusdi surface is
created between the two lines of the same prdfilddse the rotor domain.

In the following figure, one of the blades genedabg this methodology is illustrated.
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Figure 2.Blade profile generated according to Betz optinesidn.
4.1. Problem definition

A wind turbine model using the Betz optimum desigrused on the geometry creation of the wind turlyiotor
blades. This design will be the basis for studiesh® vortex wake formed downstream of a turbir.tRe project of
this model, will be carried out transient numerisahulations seeking to predict the so called “shadegion” of the
turbine.

The simulation used air at 25°C as working fluid &ine heat transfer was ignored. The used advestibeme was
High Resolution (CFX second order advection schemih double precision parallel processing. The bjgm
equations resolution was obtained with a convergerniteria (RMS) of 1.0xI0with k-¢ turbulence model.

The chosen domain covers an area equivalent toidtBetiers downstream o the turbine (500m), five digms
upstream (100m), five diameters laterally (totadithi200m) and a height equivalent to three turliaeneters (150m).

4.1.1. Mesh
The mesh for the simulation was generated usingséimee program that was created the geometry. Ristsnof

around 213000 volumes between tetrahedral and gristmere the prismatic elements were generateid inyers from
the surfaces of the rotor and the tower. The ratat blade surface mesh is shown in the figure helow

A

Figure 3.Surface mesh of a rotor blade

It was created two independent meshes, one fordtagional domain and another for the static domaiith
internal walls separating both. The mesh coverivgrbtor is composed of around 830000 elementinyayreater
concentration on the surfaces of the blades. Inptiogblem static domain the mesh is composed of tafh800000
elements, with greater concentration on the towefase of the wind turbine and the downstream megibthe tower,
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where the wake is formed. The mesh which coversstatr is shown on the picture below. Here it banseen the
refinement in the region of the tower and the wake.

= Refinement in the wake regior

Domain Input

Figure 4.Mesh of the static part of the problem

For the refinement of the shadow region of theihebit was used the density tool from the softwdree mesh
creation with two independent domains made pos#igleotation of the rotor independent from thed¢ow

4.1.2. Boundary and Initial Conditions

By defining the two domains with the mesh impodatithe program was informed that the tower domais static
and the rotor domain was turned to 4.9 rad/s,gh&ed was calculated earlier according to Betz nfioaing. It was
applied the program Interface condition betweenttgedomains.

For this problem it was used the Inlet boundarydition in the input of the stator domain, with nainwind
velocity from 7 m/s. In the output it was prescdlibe Outlet condition with prescribed static puesdo 1 atm. And to
represent the region ground where the wind turlsimestalled the condition of non sliding wall catiah.

The wind turbine, constituted by the rotor and tihwer, has only the non sliding wall condition. Alner surfaces
that is present in this problem, has the conditbsliding wall. As initial condition, constant ity equal to inlet
condition was used.

4.2. Simulation Results

The results of the transient problem was post-maet on the commercial program CFX-Post and wipesented
as the simulated time.

It will be presented results in the Field of thedst domain in order to assess whether the minimistarte in a
farm recommended by the literature, agrees withdisiance obtained by this methodology, in whiah efffect of wake
caused by wind turbines on the wind are observed.

The NACA4412 profile is designed so that the flvilocity that passes on the upper part of it isskgated in
relation to what passes by the other side. By gneogservation, reducing the fluid velocity causesincrease in its
pressure and increasing the speed causes a redinrcpcessure.

As the generated wake, the effect caused by thertawthe flow can be seen in Fig. 5, which sholes ¢entral
plane on the wind turbine rotor.
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Figure 5.Velocity “u” in the central area (left) and intoethotor of turbine.

In figure 5 you can see the presence of vortex wgkeerated by the rotor. The negative speeds aedathe
recirculation in the flow, caused by the turbinéeTwake does not form recirculation, there is aniyduction in the
“u” component of the velocity (toward the main flowerpendicular to the turbine rotor) caused by dhange of
direction o flow due to the spin of the rotor. ThjEn is observed in the turbine rotor plane too.

It is observed the rotation influence of the peofih velocities field. The rotor spinning clockwisauses the spin of
the air masses that passes through it. This aitflasvdecreased its kinetic energy and, consequémélywvind velocity.
The effect of sin is shown in figure below.
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Figure 6.Streamlines on the turbine

According to the literature, the effects of the wai4ll not be visible at a distance equivalent times the rotor
diameter. This distance is illustrated by the iied to the right of the image. To evaluate theestent, figures below
shows graphs illustrating the profile of velocities obtained in this work, compared with those aibed by “Crespo
(2003)". The velocities are positioned for vertitaks with distances in relation to the turbirie equivalent of 2, 4, 6,
8, 10, 12 and 16 times the turbine diameter. Tiselt® are non-dimensional using the inlet veloeitg the turbine
rotor diameter. They will be evaluated separatehtivo distances by graph for a better visualizatibthem.
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Figure 7.Profiles of averaged velocities “u” for 2 and 4rd&ters

It is observed in curve 2, equal to two diameteesnfthe rotor, the profile behavior is similar twat obtained
experimentally by “Crespo (2003)” that obtained Bemavelocities than those numerically evaluatedhiis work. The
same happens in the curve 4. The figure below shioaveesults for the two following distances.
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ResC04 - Curvet Res004 - Curves

Figure 8.Profiles of averaged velocities “u” for 6 and 8rd&ters

As in the previous results, the obtained profile hasimilar behavior to the experimental results, talues differ
from experimental, it can be observed that the migaky obtained deficit in velocity is smaller thahose obtained by
“Crespo (2003)". This difference is probably caudsdthe numerical model, which causes diffusive&f on the
flow. The same happens to other distances consider@ shown on figure 9.
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Figure 9.Profiles of averaged velocities “ u” for 10, 12 datldiameters

Another possible cause for the observed reducticspeed being more intense in numerical modeling lbeathe
turbulence model chosen, which also can causahtlgiiincrease in diffusion than those experimdptakamined in
the wind tunnel. A simulation using another turlmagle model can result in different wind velocitiectbase.

The domain discretization for the simulation restiltn a mesh with more than 2 million elements.sTieiquires
large computational resources in solving the ingdhequations. For this simulation it was used #mources of
CESUP-RS, which takes about 9.6 X $8conds of processing.

5. CONCLUDING REMARKS

The methodology used to create the geometric muaeproved efficient in simulation the Wind turbmgeration.
The use of CFD programs allows a good approximatiothe results related to the Wind behavior, thesfying the
shadow region on the turbine over the terrain ifctvit is installed.

As suggested in the literature, the simulation stehwhat the wake has no influence on the wind behat a
distance of 10 diameters downstream of the turbmter, allowing the installation of another turbiimethis position,
without any loss of income due the presence ofrdtheers of the wind farm.

The main objective of the research, the developraEatcomputational technique for evaluating thuence of a
wind turbine in the wind which will house a windfiawas achieved. This work may be continued withdpplication
of different meshes and turbulence models in thaukition, the implementation of the atmosphericratary layer
profile as the inlet condition or with the adjustmhef ground to represent the real topology ofrégion in which the
wind turbine will be installed.
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