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ABSTRACT

Due to researches developed on wind Energy, itble@sn possible to note the influence of different
constructive characteristics (Alignment angle, heigadius and solidity) over the power coeffici€pg.
This paper proposed an optimization method, whibfeaive is maximizing the Cp integrating all
geometric characteristics mentioned before. Theomapce of this work is based in the fact that the
most part of results of research actions on theddfihave been obtained through wind tunnel
experiments, in which each parameter is indiviguallaluated. The computational models developed
(CFD) have been focused in demonstrate their wglicbmparing their results with the dates obtained
experimentally. Nevertheless, it is hard to findeaearch which its objective has been determine the
influence of different constructive characteristisgidying its behavior simultaneously. The caltora
procedure was based on selecting geometrical péeesni® the optimization model. Considering that
Cp is different for each TSR value and it is theapaeter to optimize. The objective function was
defined as the area below the curve Cp vs TSR $fiped Ratio). As starting point were taken the
parameters cited by several authors (relation HiRdiy S, alignment angle,). The results provide
evidence of studying simultaneously the influenteanstructive characteristics on which Cp depends,
allow reach the same performance as the horizantalwind turbine and besides overcome problems in
the starting, which is the main cause for disirgene investigating vertical axis turbines.
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RESUMEN

Debido a las investigaciones desarrolladas en eigermgplica, se ha podido ver la influencia de
diferentes caracteristicas constructivas (angulo almeamiento, altura, radio y solidez) sobre el
coeficiente de potencia ,CEste articulo propone un método de optimizaciémyo objetivo es
maximizar el G integrando todas las caracteristicas geometricasncionadas anteriormente. La
importancia de este trabajo esta basada en el hegl® la mayor parte de los resultados de las
acciones de investigacion en este campo han sitimiolos mediante experimentos en tlneles de viento,
en los cuales cada parametro es individualmentduada. Los modelos computacionales (CFD), se
han concentrado en demostrar su validez al compaas resultados con los datos obtenidos
experimentalmente. Sin embargo, es dificil encontna estudio cuyo objetivo sea determinar la
influencia de las diferentes caracteristicas comgtivas, estudiando su comportamiento
simultdneamente. El procedimiento de calculo fugada en la seleccion de parametros geomeétricos
para la optimizacién del modelo. Considerando qyee8 diferente para cada valor de TSR y este es el
parametro a optimizar. La funcién objetivo fue defa como el area bajo la curva Cp vs TSR. Como
punto de partida se tomaron los parametros citagos diversos autores (relacion HR, Solidez S,
Angulo de alineamient@). Los resultados obtenidos dan evidencia de lduenicia del estudio
simultaneo en las caracteristicas constructivadasdecuales el Cp depende permiten alcanzar valores
similares de eficiencia a los obtenidos en turbimgdicas de eje horizontal y ademas se superan
problemas de arranque, los cuales son la princi@lsa del desinterés de investigacién en turbireas d
eje vertical.

PALABRAS CLAVES:Turbina edlica, eje vertical, caracteristicas cnrtsivas, perfil aerodinamico

1. INTRODUCCION

At present, the use of fossil fuels has led to mmmental problems such as greenhouse gases ahd aci
rain, which are related to harmful emissions preessbtained from traditional energy generation. As
an alternative solution, interest has focused eng#neration of renewable energy. Within these wind
generation has great potential. This resource bas bxploited for several centuries in applicatisunsh

as navigation, milling grain and pumping water;nirdhe middle of the twentieth century have
developed applications that seek to generate liggtirom this resource.

The equipment used for this purpose is called winthines and rely on aerodynamic principles to
operate. The vertical straight bladed turbines ajp@n based on the principle of aerodynamic lifg a
known as Darrieus turbines, vertical axis are aereid due to its rotation axis is located verticall
They are characterized by get going with winds fiemmg direction without being redirected. In additio

its constructional arrangement allows mountingha&f ¢eneration and transmission systems in the soil.
However are machines that have less performancezi@rizontal axis, although this is offset, fase

of operation at low speeds [13].

Within the design of the constituent parts of adviarbine rotor design plays a key role in determngn
the efficiency of the team, is why it is importaatunderstand the influence of construction paramet
(angle, height, radius, profile aerodynamic anersjth) in the power coefficient Cp, which is the
percentage of wind energy extraction can achieeeturbine. In the case of vertical axis wind tugbin
blade straight, most extraction has been 39% irWth@&/T 360, tested in Britain 20 years ago [2], one
of its biggest drawbacks is that have a low yie®RTlow which does not allow the TSR accelerate to
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higher energy extraction. This has caused disisteneturbines such as, the horizontal axis hagaet
an efficiency of up to 48% and has no problem at $8].

Despite these disadvantages, studies have beetopledevhich assesses each of the constructive and
operating parameters, in order to overcome thigmsdn and take advantage they have on the hoakont
axis, among which are the following: easy accessldotrical and mechanical maintenance and repair,
there is not need a positioning device relativheowind direction and efforts on blades are smalie

to in vertical turbines these are not found unterdantilever [3].

Among the main research efforts are: the developroEmomputational models to predict the rotor
power coefficient at different TSR (Howel and Q)| the evaluation of the number of blades
recommended considering construction costs, stnehgeight cyclic variations of the forces acting o
them and influence o@p, (Kirke [3], Paraschivoiu [6], and M. EI-Samanouey al [8]), as well as the
implementation of experiments and mathematical rsotte predict the behavior of different airfoils
(Kirke [3] M. EI-Samanoudy, et al [8] and Mejiaat [11]).

Now it is proposed a mathematical optimization pohae integrates several building parameters in
order to observe its influence on the power coeffitCp.

2. OPTIMIZATION

As mentioned above, the power coeffici€y is the efficiency with which the turbine extraetisergy

from the wind, and as such depends on the consteucharacteristics of the rotor. The calculation
procedure for the design is shown in Diagram 1 hilghlighted items are selected geometric paramseter
for the optimization model. As can be seen, @medepends on the design stage, and therefore each of
these parameters. Given that @is different for eacif SRis the parameter which is to be maximized,
the objective function was defined as the area utigiecurveCp vs TSRas shown in Equation 1.

TERp 2w
F.0.= f Cp dTSR )
o

Where:
F.O.: Objective function
C, : Power coefficient.
TSR Tip Speed Ratio.
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Diagram 1. Flowchart of the calculation procesthefturbine.

2.1 Parameters to optimize

The model optimization was performed taking as starting point the constructive parameters
recommended by different authors. These paramaietsheir corresponding values are listed below:

Ratio HR: It is the ratio between the height and radius efithpeller, the value of this parameter is set
after getting swept area. To vertical axis turbjnéss area is rectangular and corresponds to the
projection of a cylinder in the axial plane of tiiebine. The swept area is determined by Equation 2

Ay =2RH @)

Where:

A, Swept area.

R Rotor radius.

H: Rotor height.
To determine the relatioAR is not easy, as they must take into account othgables that modify
together with the height and radius affecting teegrmance of the rotor. Bastianon [9] recommends a
ratioHR = 2.

S Solidity: It is the ratio of the swept area and the areameduby the turbine blades. Can be used as
an indicator of the amount of material requiredctmstruct the rotor. For constant section blades is
defined as:

5=N:H=E (3)
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Where:
N: Number of blades.
c: Blade chord.

Some authors have established empirical relatiodsgaaphs to determine the solidity at optim&R
[9] [11], Kirke [3] recommends a value 8= 0.2.

Angle alignment It is formed between the tangent of the circleatiding the motion of the turbine and
the airfoil chord [9]. That is, a value ¢f= 0°, means that the airfoil chord coincides wvifig direction

of the tangential velocity. Of this parameter depefirectly aerodynamic forces generated on the
profile, because it modifies the effective angleatibck which does the same. In Equation 4 andr&igu
1 show the relationship between the angles.

(4)

Figure 1. Speeds triangle representation.

2.2 Fixed parameters

The parameters discussed below are not definegtanipation variables in the model, nevertheless, i
is worth defining because they also influence ffieiency of the turbine and its structural behavio

Airfoil : Generally symmetrical airfoils are used, howewsan also be used as the curved avoid
problems in startup and increase efficiency of tbtr, its disadvantage is that the drag and lift
coefficients are not within range Reynolds numlzerd angles of attack required for the calculatibn o
these coefficients depend on the aerodynamic fageasrated by the profile (see diagram 1). Mejia et
al. [11] validated a method for obtaining the caaédints missing, which was used to complete thel812
curved profile data and to compare their behavidath veymmetrical NACA 0018 profile. Best
performance was obtained with the profile S1210fmavas the one selected.

Number of blades The amount of energy produced by a wind turbiepeshds on the wind speed and
the wiping area, not the number of blades. Turbingl a single blade can be as efficient as those
having two or more blades and can extract the samaunt of wind kinetic energy into mechanical
energy and turn the shaft [4], therefore, this pesi@r have no significant influence on thg.
Nevertheless, with 1 or 2 blades are significamtati@ns in size and net force on the main axishef
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rotor, causing undesired vibrations in it and rédgats life. When using 3-blade rotor is balanded
avoid the aforementioned problems, therefore, 8édlator is selected in this study.

2.3 Optimization constraints

Defined these parameters, we proceeded to detetimneonstraints of the optimization process, these
are:

Cp Tsr 0, 1 and 2= 0: This constraint is defined because the startingess®f vertical axis wind turbines
arise whenCp is negative, this means that the net torque istecdn the opposite direction of the
movement expected rotor. At present this phenometi@nturbine starts but will not accelerate their
movement to achieve maximum extractiop

Although one can assume that this problem is oveecby using curved profiles, we wanted to ensure
that this condition is met, since it depends on ritter to get maximum performance. This usually
presentd SR=0, 1 and 2.

-90° <y <90° This range was determined taking into accounettient feasible can have the alignment
angle.

RPMcp max = 100 The dimensions of the turbine indirectly deperdetor speed. As the speed
increases the radius decrease and deviate frormdhenal value of the generator selected. This
restriction is defined in order that revolutions as close to the nominal generator, looking aplsims

possible in the transmission system. Given thatrédagus and height of the turbine must allow easy
implementation of the rotor and, if possible, teyent transmissions between the rotor and the

generator.

HR ratio > Oand Solidity S > Q It was wanted to ensure that the HR and solidityp S were positive.
Due toCpis being maximized the radius tends to be thetgs¢ossible and therefore the ratio HR and
strength tend to zero.

3. ANALYSIS OF VARIABLES TO OPTIMIZE

In general, the ideal behavior 6p is when its value does not change significantlhim range of TSR
broadest possible meaning that is less sensititleetoatural variation of the wind.

As mentioned above, there are analyses where \esiabe considered in an isolated way. Below is the
influence of these parameters on the extractiofficent Cp.

3.1 Ratio HR

The influence of ratidtHR is not as significant as that of the other vagapbhs can be seen in Figure 2.
Nevertheless, it can be seen that the gre@geselationship occurs whefR is smaller, this is because
it decreases as the radius increases, as wek dsrtjue generated and the power extracted bytbe r
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Figure 2.HR influence orCp. The colors indicate different valueskiR considered.

3.2 Alignment angle y

As seen in Diagram 1, the alignment angle direddpendent drag and lift coefficients. If the angle
increases in magnitude it approach to the aerodiynatall, drag is considerable and the tangential
force, torque andp decrease. It should find the angle that allows maxn closer to the lift in most
positions. Figure 5 shows the influence of theratignt angle oCp.

04

=~

0,05 _// \

-

9 _

0,05 1 2 3 4 5

0,1
TSR

Figure 3. influence on Cp. The colors indicatediferent values of the angle considered.

3.3 Solidity S

Figure 4 shows the graph @p vs TSRwith different strength values. As it increasé® &rea occupied
by the blades in the rotor is increased, and thgrede of braking therein. This does not allow to
maximize the extraction of energy due to the dragomes relevant. At values less ti&ags 0.1, the
negative torques that are generated when the Idadewnstream are significant and the net torque is
lower, the advantage present in th&S&is that the sensitivity to changes in wind is vieny.
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Figure 4. Influence of S on Cp. The colors indiddifeerent values of S considered.

4. OPTIMIZATION RESULTS

After define constraints and variables to consigiled observe the influence of them on @ it is
proceeded with mathematical optimization using Meglab software. The following table shows the
results for the case of a vertical turbine of 350 W

Parameters Obtained value
HR ratio 3.527
Alignment angle -0.276
Solidity 0.105

Table 1. Results obtained after optimizing the nhode
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Figure 5. Optimized turbine efficiency.

5. CONCLUSIONS

The optimization model proposed as study simultaslothe influence of the structural charactersstic

of which depends ofp, allow see that by obtaining the optimal valuéshese features can achieve

the theoretical percentage of wind energy extractieaches in horizontal axis turbines and also
overcomes the problems in the boot up, which isntilaén cause of disinterest in investigating vettica
axis turbines.
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The results obtained with this optimization modeh de used as starting point for any investigation
concerning vertical axis wind turbine with straidghéades, regardless of wind conditions or the power
rating of the particular application.

The proposed model allows to reach an optimal gondition and compare it with experimental or
computational models, It has a good cost / benafib reflected in saving time, money and other
resources.

According to the results obtained in this studyjolishow that the efficiency of vertical axis turbs
with straight blades can reach values similahtisé obtained for horizontal axis turbines couktdo
the construction and implementation of verticalsaiirbines using its advantages, especially inl rura
areas that need low power installations.
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