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Numerical Investigation of Radius Dependent Solidity Effect on H-
Type Vertical Axis Wind Turbines

Highlights

« Effect of radius dependent solidity to the aerodynamic performance of a h-rotor Darrieus wind turbine was
investigated.
» 2-D numerical analyses were performed by using realizable k-epsilon turbulence model.

» Turbulence Kinetic Energy and Pressure Contours around the blades were examined.

Graphical Abstract

Solidity value changes with rotor radius, chord length and number of blades. In this study, only rotor radius was
changed. By using Ansys — Fluent software, two Dimensional CFD (Computational Fluid Dynamics) analyses were
performed to investigate the solidity effect to the aerodynamic performance of a h-rotor wind turbine.
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Figure. Power coefficient versus TSR as a function of Solidity

Aim
The aim of this research examine the solidity effect to a h-darrieus wind turbine and improve the aerodynamic
performance.

Design & Methodology

Three different wind turbine models were created with Catia v5 software. Two Dimensional numerical analyses were
performed with using realizable k-epsilon turbulence model by using Ansys — Fluent. An experimental study was
validated after reaching mesh independence. Pressure and turbulent kinetic energy contours around blades were
analysed.

Originality

Vertical Axis Wind Turbines are usually operated in small areas. They are cheap and easy to build, but their efficiency
is lower than Horizontal Axis Wind Turbines. Their aerodynamic characteristics need to be improved.

Findings

An observed maximum power coefficient was increased by 4.25% with decreasing rotor radius. Also, it was declined
by 0.57% with increasing rotor radius.

Conclusion

The wind turbine with a higher solidity has a more coefficient of power in lower Tsr values. With the decrease of
solidity, more coefficient of power can be observed in higher Tsr values. An appropriate rotor radius can be found
for different tsr values on created Cp — Tsr chart.
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The author(s) of this article declare that the materials and methods used in this study do not require ethical committee
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Numerical Investigation of Radius Dependent Solidity
Effect on H-Type Vertical Axis Wind Turbines
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ABSTRACT

In this study, radius-dependent solidity effect to the aerodynamic characteristic of a three bladed H-rotor Darrieus wind turbine
consisting of NACA 0021 profile blades was investigated numerically in Ansys Fluent 14.1 software. After achieving independence
from the mesh, the numerical method was validated with the experimental data and then numerical analyses were performed for
different solidity values. Results show that the higher efficiency can be obtained both in low Type Speed Ratio (TSR) values with
the increase of solidity and in high TSR values with the decrease in solidity. Power coefficient (Cp) has been enhanced as 4.25%
with 0.75 m (M1) and Cp has been reduced as 0.57% with 1.25 m (M3) rotor radius according to 1 m rotor radius (M2), respectively.

Keywords: Numerical analysis, darrieus wind turbine, H-rotor, tip speed ratio, solidity.

Yaricapa Bagli Katilik Oraninin bir H-Tip Dikey
Eksenli Riizgar Tiirbinine Etkisinin Sayisal Olarak
Incelenmesi

oz

Bu ¢alismada yarigapa bagli olarak degistirilen katilik oraninim, NACA 0021 kanat profiline sahip 3 kanath H-tip dikey eksenli
riizgar tiirbini aerodinamik performansina olan etkisi sayisal olarak Ansys — Fluent 14.1 yaziliminda incelenmistir. Meshten
bagimsizliga ulasildiktan sonra kullanilan sayisal methodlar deneysel caligmadan elde edilen sonuglar ile dogrulanmig ve farkli
katilik oranlarinda sayisal analizler tekrarlanmistir. Sonuglar incelendiginde, katilik oraninin artmasi ile birlikte diisiik kanat ug hiz
oranlarinda (TSR), katilik oraninin azalmasi ile birlikte ise yiiksek TSR degerlerinde daha yiiksek aerodinamik verim elde edilecegi
goriilmiistiir. Gézlemlenen en biiyiik gii¢ katsayilari, 1 m yarigapa sahip olan turbine gore (Cp) 0.75 m yarigapa sahip olan (M1)
tiirbinde %4.25 artmis, 1.25 m yarigapa sahip olan (M3) tiirbinde ise % 0.57 azalmistir.

Anahtar Kelimeler: Sayisal analiz, darrieus riizgar tiirbini, H-rotor, kanat u¢-hiz orani, katihik.
1. INTRODUCTION

Concerns about global problems such as environmental
pollution and global warming because of using fossil
fuels have been increasing in recent years. Using
renewable energy sources contributes to reduction of the
negative effects of traditional fuels on the environment
and human health, as well as on the sustainable
development of societies. Wind turbines can meet the
energy demand that will increase gradually in the near
future with other energy resources. They convert kinetic
energy to the mechanical energy. Generator produces
electricity with this mechanical energy. There are 2
different wind turbine types according to their rotation
axes, vertical axis wind turbines (VAWT) and horizontal
axis wind turbines (HAWT) [1]. VAWT’s have some
advantages over HAWT, they can catch wind in any
direction, vertical rotor shaft and heavy loads like
generators can be placed on the ground [2].

*Sorumlu Yazar (Corresponding Author)
e-posta : ahmetfatih.kaya@gazi.edu.tr

VAWT’s are classified into two types according to their
working principle. The drag type model which is called
savonious wind turbine rotating with the aerodynamic
forces acting the blades and the lift type model which is
called Darrieus wind turbine, pressure differences on the
lower and upper blade surfaces rotate wind turbine [3].

For the last few years, a large amount of research has
been done about wind turbines. In these studies, effect of
some geometric and operational parameters such as
number of blades [4-8], blade pitch angle [9-11],
Reynolds number [12-15], turbulence properties [16-19],
blade profile [20-22] and solidity [23,24] on aerodynamic
performance of Darrieus wind turbines were examined
numerically or experimentally and optimization studies
were carried out to get maximum power from wind
turbines.
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Li et al. experimentally investigated the blade number
effect and pitch angle on wind turbine aerodynamic
performance in a H-Rotor wind turbine with of NACA
0021 blade profile. In their study, increased blade number
resulted in obtained maximum Cp value get decreased.
They stated that energy production will be higher by
using a 2-bladed wind turbine in regions with high wind
speeds and 5-blade wind turbine model in regions with
low wind speeds. At the same time, they observed that
the highest aerodynamic performance was attained by
using blades which has 6° pitch angle on the wind turbine
with 2 blades, 8° on the turbine with 3 and 4 blades and
12° on the wind turbine with 5 blades [4]. Yang et al.
experimentally and numerically examined the pitch angle
effect on a 2-bladed H-rotor darrieus wind turbines
aerodynamic characteristic. At optimum TSR value, they
observed that the highest aerodynamic performance with
the turbine which has 6° blade pitch angle and they stated
that the blade pitch angle has no effect to the
aerodynamic performance so well as HAWTSs. Also, they
concluded that the pressure difference affecting blade
surfaces reaches the maximum value when the azimuth
angle was between 0-180° at 6° pitch angle and the
azimuth angle was between 180-360° at 8° blade pitch
angle [9]. Siddiqui et al. investigated numerically
turbulence density effect to the offshore vertical axis
wind turbines torque characteristic. They used realizable
k-epsilon, standard k-epsilon and rng k-epsilon
turbulence models. They reached the most reasonable
results with using realizable k-e turbulence model. Their
results indicate that the average torque value observed in
the wind turbine decreased with the increase in
turbulence density [16]. Zamani et al. performed a 3D
CFD (Computational Fluid Dynamics) analyses with
using SST k-o turbulence model to investigate the J-
shaped blade structure effect to the wind turbine torque
and the power output. As a result, they observed that
using the J-shape blade structure increased the wind
turbine self-start capability, and also caused the rotor to
be less affected by the dead-band region. In their study,
they stated that the Cp value observed in the wind turbine
increased by using J-shape blade structure in all TSR
values except 1.8 [21]. Kumar and Baredar investigated
solidity effects to the aerodynamic performance of small
HAWT by changing number of blades. They concluded
that with the increase of solidity, Cp values increased
while rotor speed get decreased. Also, they observed that
when the solidity decreased, observed Cp value
decreased and rotor speed increased [23]. Alqurashi and
Mohamed conducted a numerical analysis to investigate
the blade profile effect to the wind turbine aerodynamic
performance. They performed their analyses with using
realizable k-epsilon turbulence model. As a result, the
wind turbine with LS413 blade profile showed higher
aerodynamic performance than other turbine models. At
the same time, more tangential force and axial force
coefficient were observed on the S1046 blade profile
compared to the other 2 blade profiles, and they stated

that the turbine model with S1046 blade profile has lower
self-start capability than other turbine models [28].

In this study, two-dimensional (2D) CFD study was
carried out using Ansys Fluent 14.1 software in order to
investigate solidity effect to the Cp value observed in H-
rotor Darrieus turbine. The three-bladed wind turbine
which has 8° blade pitch angle with NACA 0021 airfoil
was modelled using CATIA V5. The wind turbine
aerodynamic performance for three different solidity
values was analysed by changing the turbine rotor radius.
The analyses were performed by showing turbulence
Kinetic energy, pressure and Cp values for different
azimuth angles. As a result, obtained results in this study
after reach mesh independence were compared with the
experimental study.

2. FLOW FIELD SETUP

2.1.Basic Aerodynamics for H- Rotor Darrieus wind
turbine

H- Darrieus wind turbines are a kind of vertical axis wind
turbine. Usually, two or three blades are used. Cross arms
connect the blades and rotating shaft. It was invented in
1931 by G.J.M Darrieus [25]. In Figure 1, a schematic
presentation of a H-Darrieus wind turbine is given.

=

-

Figure 1. The schematic view of H-Darrieus wind turbine

Tip Speed Ratio expression is a reference dimensionless
number used when determining the power coefficient and
it is shown with the following equation;

w*R

A=TSR= = 1)

In this equation, U indicates the wind speed, R is the
turbine radius and ® shows the angular velocity. Turbine
solidity (o) strongly affects to the aerodynamic
characteristic of a wind turbine. Solidity means the ratio
of the area containing the material around the turbine
rotor to the containing of air in that area [37].
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Nx*c

R )
N indicates the blade number, ¢ indicates the length of
the blades chord.

It is not possible to use all energy of the wind with using
wind turbines. As seen in Eqg. (3), Cp shows the wind
turbine efficiency. The Cp value was determined as the
highest 59% in analytical solutions which is defined as
Betz number with the following equation;

P

Cp = —;—pAU3 (3)

o=

Here, P is the generated power from a wind turbine, p
shows the density of air and A indicates the swept area of
the turbine. In Eq. (4), swept area is in vertical wind
turbines defined as;

A=D=x*H 4)

Here, H and D represent the turbine height and the rotor
diameter, respectively.

Moment coefficient (Crm) expression is shown in equation
5. In Eq. (6), the relation between the Cy, and C, is shown

[26].
T

Cn = Toae )

C
Cn = Tp (6)
The drag (Fp) and lift forces (F.) occurring to the turbine
blades vary depending on the turbine azimuth angle (0).
This forces can be determined as [27];
CppU?
Fp = —Dpz < (7
CLpU?
FL = —Lpz ¢ (8)
Co is the drag coefficient and C. is the lift coefficient.
Attack angle (a) is the angle between the wind direction
towards the blades and its axis [28].
_ sin 6
a = arctan [)\+cos 6] (9)
If the blade pitch angle (B) is taken into account;

sin®
A+cos 9] - B (10)

Forces and velocity components affecting on H-rotor
wind turbine were shown in Figure 2 [29].

o = arctan [

R
Figure 2. Velocities and forces acting one blade

2.2.Geometric and Operational Parameters

In this study, the geometric dimensions of the modelled
turbine were kept the same as the geometric dimensions
of the turbine which was used in the experimental study
conducted by Li et al [4]. H-rotor wind turbine consisting
NACA 0021 blade profile is modelled in two dimensions
to be B = 8°. In Table 1, geometric parameters and
operating conditions of the model used in this study are
indicated.

Table 1. The Turbine Features

Parameter Value Parameter Value
Airfoil NACA 0021  Turbine Height, H 1,2m
Number of 3 Swept Area, A 2,4 m?
Blades, N
Airfoil chord 0,265 m Wind Speed, U 8 m/s
length, c
Diameter, D 2m Turbulence 0,5%
Intensity

Figure 3 shows the structure of the four digit NACA 0021
blade profile used. First digit shows that the maximum
curvature in percentage of the chord length is 0. Hence
NACA 0021 airfoil has no camber, second digit is also
equals to 0, which indicates the position of the camber.
This means that the blade is symmetrical. Last two digits
show the ratio of the chord length to the blade thickness.

0,15
01

0,05

300
005
4]

15

=

02 04 06 038 1
v

Figure 3. NACA 0021 Blade Profile

2.3.Computational Domain

Itis extremely important to create a convenient flow field
for numerical analysis in fluid mechanics problems. If the
created region is too large, it increases the number of
meshes, and thus the solution time is extended. As this
region is smaller than it should be, it will cause the
solution to get away from reality as it will cause
inadequate flow modelling [30]. A separate zone (blade
subdomain) has been created in the close surrounding of
the turbine blades in order to increase mesh density.
Interfaces have been defined to ensure the continuity of
the flow and in order to ensure that there is no imbalance
in the mesh dimensions between the blade subdomain -
rotating domain and the rotating domain - stationary
domain.
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In a C-type flow area, the inlet boundary condition is 7R
and the outlet boundary condition is 10R away from the
turbine center. The symmetry boundary condition has
been set for the top and bottom edges. In Figure 4, the
flow area used during the analysis is shown.

Symmetry

Blade
Rotating Zone

&
0)9

Blade Subdomain

qrr

Velocity Inlet
Pressure Outlet

Stationary Zone

Symmetry

TR 10R

Figure 4. Computational Domain

2.4.Turbulence Model

The turbulence model used in the analysis is of great
importance for the verification of the experimental study
and the accuracy of the solution in the later stages. To
solve the Unsteady Reynolds Averaged Navier - Stokes
(URANS) equations, realizable k-epsilon turbulence
model was used. There are many studies can be found in
the literature using realizable k-epsilon turbulence
model, which shows very close results to experimental
data. [28,31-34].

The realizable k-epsilon turbulence model is generally
recommended for flow analysis in rotating regions [31].
Transport equations used to calculate turbulence kinetic
energy (k) and turbulence dissipation rate (¢) vary
according to the standard k-epsilon turbulence model and
the equations of this model are expressed as follows;

) ) 0 [ ) 2 _
%010 + o (pkU)) = = [(u + 1) 6xj] 4Gy, + Gy

pe — Yg + Sk (112)
9 0 -9 Be) 9 -
a(ps) + ox; (psU]-) = o [(u + ca) 6x,-] + pC,Se
2
PC =+ Crep CacGn + S (12)
= n —ck ¢_
C, = max [0.43,1]?], n =52, S= 25;5;  (13)

Here is G,, and G,, indicates production of turbulence
kinetic energy because of the velocity gradients and
buoyancy force, respectively. The expressions of g;, and
o, indicate turbulence prandtl numbers. Y; shows the
contribution of dilatations in compressible turbulence to
the dissipation rate, p and u, are dynamic and turbulence
viscosity, respectively. C;. and C;, values are constant,

while S, and S, are user dependent variables [32,35].

2.5. CFD Solver Setting

The solver settings to be used during CFD analysis are
very important for the accuracy of the analyses. Between
stationary and rotating zone, a sliding mesh was applied.
The turbulence intensity was adjusted as 0.5% at inlet
boundary condition. In order to solve the momentum, k
and ¢ equations, the second order upwind formulation
was used. Time step size (At) is determined at the time
that the turbine takes each 1°. This is because, decreasing
time step size too much causes solution will take longer
time. Also, increasing time step size can result in
unreasonable results.

While determining this time step size (At), the following
path is followed;

ForA=2,whenU=8m/sand R=0.1 m,

©=165~9167 <& (14)

sec.
A turbine rotating 916.7°/sec, approximately 1° angle,
(15)

At=——=0,001091—— is complete
916,7 degree

Same operations were repeated for all other angular
velocities. Number of time steps are set to provide the
turbine for 12 revolutions. Cr, value varies with A value,
on average it becomes constant between 5 and 12
revolutions.

—() =25 A=3 1=35
0.35 —
03
0.25
02 —
£0.15 —
o
0.1 =
0.05 \-.-!E~| |f' —
. N\ I
| 4 7 ) 10 11 12 13
-0.05
-0.1
Cycle No

Figure 5. Averaged moment coefficient value varying with
the number of cycles for Different A values
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Figure 5 shows in which range the Cm value stabilizes at
different A values. Due to the increase in the angular
velocity of the model, it was seen that the turbine should
take more turns to stabilize the value of Cy, obtained from
the turbine due to the concentration of vortex areas in the
near part of the blades. The averaged Cn values were
calculated by averaging the observed C, values for each
azimuthal angle in the last revolution of the turbine.

2.6. Mesh Independence

In numerical calculations, the solution time of the
analysis is directly related to the number of meshes.
Increased mesh number also results in longer solution
time. If the number of meshes is less than it should be,
the solution will be getting away from reality. Therefore,
the most accurate results are obtained with the shortest
time in analyses by using the most appropriate mesh
number. Figure 6 shows the power coefficient values
obtained in different mesh numbers. There is a
fluctuation in the power coefficient value with the
increasing elements number. Same trend can be observed
in other studies [3, 21, 36].

0.225
0.2

0.175

OQ 0.125
0.1
0.075

0.05

0.025

0
0 80000 160000 240000 320000 400000 480000 560000

Number of Elements

Figure 6. Mesh Independence

For A = 2, according to numerical analyses with using
realizable k-epsilon turbulence model made in 15
different mesh numbers in the range of 20583 and
564177 values, the difference between the power
coefficient values calculated in 523611 and 564177 mesh
numbers is less than 0.1%. According to this result,
analyses were carried out in 523611 mesh number. While
calculating this difference between C, values, the

following equation is used;

_ |Cp (Mesh No 15)-Cp (Mesh No 14)

Fy
%Dif. = [ Cp (Mesh No 15) * 100

(16)

Figure 7. The mesh for VAWT (a) Computational domain (b)
Inner Domain (c) Blade Subdomain

Figure 7 shows the mesh structure used for this study.
When Figure 7 is examined, the number of meshes is
intensified around the blades of the turbine by the method
of inflation. The number of meshes from rotating zone to
stationary zone has decreased gradually. This is because
the flow characteristic around the blade structure changes
rapidly, while the flow towards the enclosure endpoints
is more stable.

3. RESULTS

In this study, the aerodynamic performance of 3-bladed
H- rotor type VAWT with a height of 1.2 m was
examined using Ansys Fluent 14.1 software in different
solidity ratios. After achieving independence from the
mesh, experimental study [4] was validated with this
study. After that, the turbine radius was changed to be
0.75 m and 1.25 m, and the analyses were repeated at
intervals of 0.25 TSR for each turbine radius.

3.1. Model Validation

The results obtained from experimental study and
numerical analysis were shown in Fig. 8.

Investigations of the Figure, it is observed that the results
obtained with the realizable k-epsilon turbulence model
are very close to the experimental data, especially at low
TSR values. At high TSR values, there is a difference
between numerical and experimental results. This is
because the rotor angular velocity reaches very large
values at high TSR values, and dense vortex regions
occur throughout and around spanwise. In 2D analyses,
spanwise-vortex interaction is ignored while taking chord
— vortex interactions into account [37]. This situation is
not very important in the analysis since it is formed after
the value of Cp in the A - tsr chart. While the maximum
Cp value was 0.189 in the experimental study which has
been done by Li et al. [4], this value was 0.176 in this
study. The margin of error is determined as 6.87%. This
percentage is an acceptable value in the literature. The
margin of error of the obtained results may be due to the
difference in the dense vortex regions occur throughout
and around spanwise.
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e=fi==|_i et al. [4] e=t==2D CFD
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Figure 8. Validation of Cp
3.2. Effect Of Turbine Solidity

Geometric properties of different wind turbine models
were given in Table 2.

Table 2. Details of Turbine Models

Model Number of  Chord Sgctj(i){]s Tur_bi_ne
Name Blades (N)  Length (c) ®) Solidity (o)
M1 3 0,265 m 0,75m 0,53

M2 3 0,265 m im 0,3975

M3 3 0,265 m 1,25m 0,318

Solidity of a wind turbine changes with 3 different
parameters. In this study, blade number and blade chord
lengths were kept constant, while the turbine radius
changed. The number of meshes for all turbine models
were roughly the same. This is because element sizes for
all edges and domains were kept the same as M2 model.
Blade subdomain and rotating zone for all turbine models
have also same dimensions, which includes majority of
meshes. Solidity effect to the wind turbine aerodynamic
characteristic is shown in Fig. 9.

When Figure 9 examined carefully, the highest Cp value
observed for M2 was 0.176 in A = 2 and the highest Cp
value observed for M3 was 0.175 in A = 2.25. When A =
3.25, Cp value for M2 is 0.04 and Cp value for M3 is
0.09. In case of A = 1.25, the observed Cp value for M2
is approximately 0.1, while the observed Cp value of M3
at the same TSR value is approximately 0.06. Maximum
Cp value detected with M3 wind turbine model is
approximately 0.57% lower than M2.

Figure 9. Power coefficient versus TSR as a function of
Solidity

The highest Cp value observed for M1 was 0.1835 at A =
1.75. For A = 1, in the model with the same solidity, the
Cp value is 0,095 and the Cp value observed for M2 is
0.05. In the case of A =2.75, the Cp value observed in the
M1 turbine is 0.055, while the Cp value for M2 at the
same A value is 0.1185. Maximum Cp value detected with
M1 wind turbine model is 4.25% higher than M2. The
main reason for this situation is that the M1 blades move
at a higher angular velocity than the other models at the
same tsr value. When the results are examined, increasing
rotor radius rises Cp at higher TSR values and reduces
Cp at lower tsr values. Also, decreasing rotor radius
increases Cp at lower tsr values and reduces Cp at higher
TSR values.

Figure 10 shows the Cp values that vary according to the
blade azimuth angles at different TSR values. When the
Figure 10 is examined, a total of 3 peak points is seen in
each round of the turbine. Maximum Cp values were
observed at angles 6 =90, 210, 330° where turbine blades
directly faced with the wind. It was seen that the
maximum and minimum Cp values increase with
increasing solidity in the range of A = 1.25 and 1.75 in all
3 turbine models. In higher TSR values, the increase in
solidity reduced the observed maximum and minimum
Cp values. At points where the Cp value is below 0, the
turbine does not have a self-start capability [10]. With the
decrease of solidity, the maximum and minimum Cp
values observed in the range of A = 1.25 and 1.75
decreased, while in higher TSR values the maximum Cp
value observed and the self-start ability of the wind
turbine increased.
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Azimuth :Angle (deg)
0
0,3
330 0,25 30

a Azimuth Angle (deg) b

300 300
270 90 379
240 240
210 150 210 150
180 180
Azimuth Angle (deg) c Azimuth Angle (deg) d
0 0
0,35 0,35
300 300
270 270
240 240
210 150 210 150
180 180
Azimuth Angle (deg) e Azimuth Angle (deg) f
0 0
0,35 0,35
330 03 30
300 300
270 270
240 240
210 150 210 150
180 180

Figure 10. Averaged Power Coefficient against 6, for different TSR values (@) A =1,25 (b)) A=15()A=175(d)A=2 () A=
225 ()21 =2,5 (== Cp_M1 e Cp_M2 . Cp_M3)
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Figure 11. Pressure Contours (Pa) operating at A = 2 (a) M1 (b) M2 (c) M3

Figure 12. Turbulence Kinetic Energy contours operating at A = 2 (a) M1 (b) M2 (c) M3

In Figures 11 and 12, the pressure and turbulence
kinetic energy contours around the turbine models at
different solidity values for A = 2 are shown. When
Figure 11 is examined, it is observed that the highest
pressure affecting the blades when the maximum Cp
value for A = 2 (0.176) in the M2 turbine model. The
lowest pressure affecting the blades in the same TSR
value when the minimum Cp value (0.1625) in the M3
turbine model. Turbulent Kinetic energy is defined as
the energy that the vortex effect has, depending on the
velocity of the flow in turbulent flow. As can be seen
in Figure 12, increased turbulence Kkinetic energy has
been observed due to the increase in solidity, because
of the vortex structures on the blade surface.

In Figures 13 and 14, the pressure and turbulent kinetic
energy contours that occur in a 360° round of a single
blade in the turbine at different solidity and azimuth
angles for A = 2 are shown. As seen in Figure 13, the
highest pressure value affecting the blades for all ¢
values was calculated when 8 = 0°. With the increase
in the angle of azimuth between 0° <6 < 180°, the
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pressure around the blades gradually decreased, while
in the angle of azimuth between 180° < 0 < 360°, the
pressure gradually increased with the rise of the
azimuth angle. In Figure 14, it can be seen that with
the increase of solidity, high turbulence density is
observed in the trailing edge region of the blades at
both 6 = 0° and 300° azimuth angles.

In general, it is observed that the M1 blade has a higher
turbulence density than the other two turbine models
as show in Fig. 12. The highest turbulence kinetic
energy between 3 wind turbine models are occurred at
0 = 0° due to pitch. As mentioned in the study, since
the pitch angle is determined as 8°, when 8 = 0° high
pressure difference occurs between top and bottom
surfaces of the blade. This happens because 0 is close
to the stall angle since it contains a low Reynolds
number depending on wind speed. At the same time,
turbulence kinetic energy has been observed to be
more intense in areas with flow separation. These
results are similar to other studies in the literature [38].
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Figure 13. Pressure Contours around one blade for different o, at various angular positions (See Table 2)
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Figure 14. Turbulence kinetic energy contours around one blade for different o, at various angular positions
(See Table 2)
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4. SUMMARY AND CONCLUSION

In this study, radius-dependent solidity effect to the
aerodynamic characteristic of a H-rotor wind turbine has
been modelled and numerically analysed with ANSYS
Fluent 14.1 software in 2D. Findings obtained from this
study are;

e To achieve independence from the mesh, 15
different mesh numbers were used and analyses
were continued at 523611 mesh number.

e The maximum Cp values observed with M1,
M2 and M3 turbine models are 0.1835, 0.176,
0.175, respectively.

e The Cp values of the M1, M3 wind turbine
model according to M2 wind turbine model are
increased by 4.25% and decreased by 0.57%,
respectively.

e The wind turbine with a higher solidity has
more coefficient of power in lower Tsr values.

e With the decrease of solidity, more coefficient
of power can be observed in higher Tsr values.

e The increase of solidity increased the energy of
the turbulent flow around the blades, and the
decrease of solidity reduced the turbulence
energy

NOMENCLATURE

swept area

blade chord length

drag coefficient

lift coefficient

moment coefficient
power coefficient

turbine diameter

lift force

drag force

generation of turbulence kinetic energy
rotor height

turbulence kinetic energy
number of blades

output power

rotor radius

time

output torque

wind speed

relative velocity

angle of attack

blade pitch angle
turbulence dissipation rate
azimuth angle

tip speed ratio

dynamic viscosity

eddy viscosity

density

rotor solidity

angular velocity
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