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A bstra ct: The aerodynamic performance of a wind turbine heavily depends on the blade airfoil designs,
therefore the initial strategy for enhancing efficiency involves using multiple airfoils with varied geometries in blade
construction. Building on this, a more innovative approach introduces new geometries for turbine hubs, allowing de-
signers to retain the primary blade shape and dimensions during the design process. This process leverages theoretical
aerodynamic principles, mathematical models and data from turbine operation under wind flow conditions. The numer-
ical model, originally developed with various airfoils, is validated by comparison with experimental results, confirming
its reliability. The unsteady airflow model reveals changes in wind turbine efficiency and aerodynamic coefficients at
varying angles of attack of the blades. The next phase includes experimental testing of a wind turbine scaled physical
model with a newly designed hub with a hemispherical shape. The 3D-printed model allows for testing at different
angles of attack, enabling comparability between numerical and experimental outcomes. Adjusting the position of the
hemispherical hub in relation to the blade root provides insights into its effect on wind capture. This method highlights
the differences between a conventional turbine hub and an unconventional hemispherical hub, utilizing the same blade
configuration. The first approach is implemented in software for airfoil design and analysis, while the second method
is employed in software for designing structural elements of the whole turbine.
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EKCIHEPHUMEHTATHO H HYMEPHYKO HCTPAKYBAIBE HA MOKXHOCTA 3A 3TOJIEMYBAILE
HA ESHKACHOCTA HA BETEPHA TYPBHHA ITPEKY HOB /IU3AJH HA HOCOT HA POTOPOT

ATICTpaKT: AepoIUHAMHYKHTE TephopMaHCH Ha BeTepHa TypOHHA BO ToIeMa Mepa 2aBHcaT OJf IH3ajHOT Ha
aeponpo(uIoT Ha JonarkuTe. OTTaMy I09eTHATa cIpaTertja 3a nono0pyBame Ha eDMKAacHOCTA BKIydyBa KODHCTSHE
ToBeKe aeponpodHIH CO pasIHYHHI TeOMETPHH IIPH HUBHATA KOHCTPYKUHja. ITocnenoBaTenHo, IIOHHOBATHRHHOT
[PHCTAIl BOBEIyBa HOBH IeOMETPHH 3@ HOCOT (LEHTApOT) Ha pa0OTHOTO KOMO, 103BOTYBAjKH HM Ha IH3ajHepHTe 14 ja
3a7pixaT IpHMapHaTa GopMa H JHMEeH2HH Ha JONaTKHTe IpH IpolecoT Ha IH2ajHHpame. Bo 0Boj Ipolec ce KOPHCTaT
TEOpeTCKH aSpOIHHAMHYKY IPHHIMIN, MATEMATHYKY MOJEIN H I0JaTOLH 33 paboTara Ha TypOHHHTE BO YCIOBH Ha
cIpyembe Ha BeTep. HyMepHIKHOT MOJel, IPBHYIHO Pa3BHeH cO Pa3NIHTIHH aeponpodIiT, e BATHINpaH IpeKy cnopenda
CO eKCHepPHMEHTATHH Pe3yITaTH, IOTBPAYBajKH ja HeToBaTa BepOIOCTOjHOCT. MOIenoT Ha HeCTaAMOHAPHO CIPYeme
Ha BO3IyX I'H OTKpHBa IPOMEHHTE BO e(HKACHOCTA H aepOIHHAMHIKHTE Koe(hHIHeHTH [IPH Pa3IHYHH HalalHH ariH
Ha TONAaTKHIe Ha BeTepHaTa TypOuHa. CrieqHaTa (ha3a BKIYIyBa eKCIIepHMEHTATHO HCIHTYBambe Ha CKaTHpaH QH3HYKH
MoJen Ha BeTepHaTa TypOHHA cO HOB JH3ajH Ha HOCOT BO 0OMHK Ha XeMuchepa. Monenot oTnedaTer co 3] TeXHHKa
OBO3MOJKYBa TeCTHpame IPH PA3THIHH HAlaTHH ariH, OBO3MOKYBAjKH CIIOPEITHBOCT NOMEIY HYMEPHUKHIE H
eKCIIepHMeHTATHHTe pe2yiaraTi. IIpHcmocoOypameTo Ha NOok0ara Ha XeMHC(EepHIHHOT LeHTap BO OOHOC HA
KOpPEeHOT Ha JIONATKaTa /IaBa VBH/I BO BIHjaHHeTO Bp3 3a(akameTo Ha BeTepoT. OBOj METOM I'M HCTAKHYBA PA3THKHTE
ToMel'y KOHBeHIIHOHAIeH [IeHTap H HeKOHBEHIHOHAISH XeMHc(epHdeH IleHTap, KOPHCTEjKH ja HcTaTa KOHQHTypanHja
Ha jonartkata. TIPRHOT OPHCTAll € HMIUIEMEHTHPaH Bo coTBep 3a NH2ajHApake U aHanH3a Ha aeponpodiin, Jo1eKa
BTOPHOT MeTOJ e IIpHMeHeT Bo codTBep 2a IpoeKTHPame Ha KOHCTPYKTHBHHTE eeMeHTH Ha [1eiata TypOHHA.

Kay4nn 360poBH: BeTepHA TypOnHa: IH3ajH Ha TONaTka; aeponpodiiy; IHzajH Ha IIeHTap Ha POTOD



108 P. Tanevski, V. Iliev, M. Lazarevilj, Z. Markov

1. INTRODUCTION

The global strategy to gradually move from
fossil fuels to renewable energy sources has become
increasingly urgent in recent years. This initiative is
driven by the pressing need to confront climate
change by reducing greenhouse gas emissions and
securing a sustainable energy future. Given the in-
herent variability in electricity demand on a daily
basis, a new challenge arises to integrate various re-
newable energy resources, thereby ensuring a relia-
ble and stable electricity network capable of meet-
ing fluctuating demand patterns. The idea for com-
bining renewable energy resources has embraced
the act for taking new innovative steps in the at-
tempt of increasing their power generation effi-
ciency and reliability. In addition to hydropower,
which is widely recognized as the largest and most
cost-effective renewable energy source globally,
with a notable capacity for balancing the ratio of en-
ergy demand and energy production, wind energy
has appeared as a standout resource with a great po-
tential regarding power generation flexibility. It is
acclaimed for its scalability, environmental bene-
fits, and continuous technological advancements [1].

Understanding the impact of wind flow on the
turbine’s rotor construction is of great importance
due to the nature of the turbulent flow, which ap-
pears regardless of the rotor aerodynamics, and sig-
nificantly reduces the wind turbine power genera-
tion efficiency. The fundamental of this understand-
ing are the blades, composed of various airfoils in
order to form an entity which will optimize and en-
hance the aerodynamics of the rotor, concerning lift
and drag force. A common strategy to enhance wind
turbine power generation efficiency focuses on im-
provements of the blade design for efficiently cap-
turing and transferring the potential wind energy to
the shaft, and ultimately the electrical generator.
Blade efficiency, in terms of the ability to capture
the wind flow, peaks at their upper portions and de-
clines towards the turbine hub due to the turbulence
from the hub’s interaction with wind flow and the
shape of the blades at that region. Increasing the sur-
face area of the blades allows for greater wind en-
ergy capture, leading to increased energy produc-
tion and improved efficiency. However, this ap-
proach is constrained by the costs associated with
blade production and transportation [2, 3].

Other techniques for improving the perfor-
mance of a horizontal axis wind turbine (HAWT)
are constantly being carried out. The number of
blades is one of the factors that impact how well
wind turbines perform [4]. Wang and Chen [5] used

CFD to numerically examine the impact of blade
numbers 2, 4, 6, and 8, on a small-scale ducted wind
turbine’s performance at an inflow speed of 12 m/s.
The k-e turbulence model was used for the numeri-
cal calculations. It was observed that adding more
blades results in a higher starting torque and a
slower cut-in speed. However, more blades result in
more obstruction and slower blade entrance veloc-
ity, which reduces the power coefficient of the rotor.
On the other hand, Shintake [6] notes that the per-
formance of a HAWT increased with an increase of
the blade number from 1 to 3 and decreased with an
increase of the blade number from 3 to 5. The effect
of blade number on the aerodynamic performance
of a small-scale HAWT was investigated experi-
mentally and numerically by Eltayesh [7]. The study
was conducted by installing an experimental setup
of wind turbine rotors with three-, five-, and six-
bladed wind turbines at a constant pitch angle, dif-
ferent velocities and tip speed ratios. The study also
used ANSYS Fluent for conducting numerical cal-
culation using the SST k-w turbulence to monitor
the effect of blade number on the power and thrust
coefficient. The results showed that compared to the
five-bladed and six-bladed wind turbines, the per-
formance of a three-bladed wind turbine increased
by 2% and 4%, respectively, while keeping a good
agreement between the calculated and measured
values.

The X-Rotor concept [10], a wind turbine rotor
design developed to face the challenges of offshore
spaces, combines horizontal-axis and vertical-axis
wind turbine technologies to optimize efficiency
and reduce costs. The innovative rotor comprises a
primary rotor in a double-V configuration and sec-
ondary rotors attached to the primary blades' tips.
These secondary rotors (HAWT), consequently to
their reduced size, can reach significantly higher ro-
tor speed, therefore provide enough power take-off,
eliminating the need for gearbox or bespoke gener-
ators, and reducing maintenance costs.

Joining the trend of producing new innovative
designs for enhancing wind turbine efficiency, Hui
Hu and colleagues at Iowa State University [11] in-
troduced the Dual-Rotor Wind Turbine (DRWT)
concept. Their research focused on mitigating root
losses near the hub and reducing aerodynamic inef-
ficiencies caused by wake interactions in wind
farms. The DRWT system bring into service a sec-
ondary, smaller, co-axial rotor designed to capture
energy in regions typically underutilized by conven-
tional HAWT. Through experimental and numerical
studies, the team demonstrated that the secondary
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rotor not only improved energy capture but also en-
hanced wake mixing, leading to greater overall effi-
ciency.

Similliar to the DRWT, Sandip A Kale and
S.N. Sapali analyzed various innovative multi rotor
wind turbine designs. By utilizing multiple smaller
rotors [12], these systems can increase the swept
area without the need for excessively large rotors.
Multi-rotor configurations, such as co-planer, co-
axial, and counter-rotating designs, amount to the
potential for higher energy capture while addressing
challenges like structural weight and complexity.
These systems have been evaluated for their techno-
logical advantages, feasibility, and cost-effective-
ness, demonstrating benefits in both power output
and structural efficiency compared to traditional
single-rotor system

In the pursuit of achieving optimal techno-eco-
nomic solutions for enhancing the efficiency of con-
ventional HAWTs, this study addresses the less-ex-
plored role of turbine hubs in maximizing wind en-
ergy utilization. The focus is on the implementation
of an unconventional novel hemispherical hub de-
sign, aiming to optimize airflow interaction at the
root of the blades - a region associated with energy
losses - while maintaining the number of blades, and
blade configuration, including shape, and length.

This paper presents a comparative analysis of
the wind energy harnessing ability between a con-
ventional HAWT, and a HAWT with a hemispheri-
cal hub. The comparison is conducted by obtaining
key performance metrics, including the power coef-
ficient (Cp), revolutions per minute (RPM), and cut-
in wind speed, as functions of wind velocity. The
results were acquired by performing experimental
measurements under varying wind flow for both de-
signs, validated by a numerical model.

2. THEORETICAL BACKGROUND

As airflow interacts with a wind turbine, it in-
duces a boundary layer near the turbine's surface
due to fluid disturbances forcing blades to move.
This boundary layer, influenced by fluid viscosity,
plays a pivotal role in understanding the dynamics
of velocity at the fluid-solid interface. Variations in
fluid pressure, governed by the Bernoulli principle,
contribute to the development of lift and drag forces
[10].

To optimize turbine efficiency, specific airfoil
shapes are strategically chosen to generate a turbu-
lent boundary layer, thereby delaying separation
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[10]. Figure 1 illustrates the intricate airflow pat-
terns around turbine blades. The lift coefficient and
drag coefficient, detailed in subsequent formulas,
quantitatively assess the boundary layer's impact on
lift and drag forces, respectively.

Fig. 1. Airflow behavior around turbine blades

The conveyance of mechanical forces between
a solid body and a fluid occurs across the body's en-
tire surface through fluid pressure. In wind turbines,
the combined effect of natural wind and rotor-in-
duced flow generates an aerodynamic force on the
rotating blades [10].

Figure 2 illustrates the resultant force repre-
sented as F, decomposed into perpendicular (lift) L
and parallel (drag) D components relative to the
wind velocity W. Lift counteracts gravity and both
forces are influenced by the angle of attack, which
is the angle between the blade chord line and the
wind direction.

Litks =
St
& 1
Ch £ [
Ory 2 (W] A
=" ling &l
Angleof ™ !
Attack I
Relative Wind

Center of
Pressure

Fig. 2. Forces acting over an airfoil

The forces are given by the following expres-
sions:

L= 3CpAW? (1)
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D = S CppAW? @)

where p is the density of air, Cz and Cp are the lift
and drag coefficients, respectively, 4 is the aifoil
planform area.

3. NUMERICAL MODEL

Airflow over a wind turbine is modeled and
simulated using the XFOIL software tool, part of the
Qblade software suite. The wind turbine rotor blades
are composed of multiple asymmetrical NACA4412
airfoils. Initial boundary conditions used for the
modeling setup were Reynolds number of 1-10° in-
dicating a turbulent flow, N of 9 indicating the
crifical value of detachment of the air current from
the airfoil, angle of attack in the range from —15 to
+20° and constant air density of 1,225 kg/m>.

Figure 3 and Figure 4 illustrate the simulated
optimal angle of attack which is determined for op-
timal airflow over the blades and boundary layer.
The value of that angle is 6°.

Boundary Layer
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The wind turbine rotor with 44 cm in diameter,
is designed consisting of three blades, each blade
comprised of ten segments. The first two segments
of every blade are designed from circular airfoils for
the purpose of easy installation in the turbine hub,
while the remaining eight segments are designed us-
ing the NACA4412 airfoil, as shown in Figure 5.
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Fig. 4. Boundary layer and pressure distribution at optimal angle of attack
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Fig. 5. Wind turbine blade design
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The standard chord line optimization, twist op-
timization and Tip Speed Ratio (TSR) /A are used for
the optimization of the blade geometries. The TSR
is determined iteratively using the following equa-
tion:

Cp = C1(Cy — C3f% — Cy)es, (3)
where: C; = 0.5, C =i, C:=0.022, Cs=5.6,
Cs =— O'iﬂ, and £ = 1°. Optimal C, is achieved at
TSR of 5.2.

The standard Betz model is applied to optimize
the chord line for maximum efficiency. This model
is an indicator of the best efficiency that can be
achieved for a wind turbine under ideal conditions —
utilizing the wind power excluding the occurrence
of power losses. The Stall method is used for opti-
mizing the blades twisting for a predetermined opfi-
mal TSR value, enabling automatic regulation of
turbine operation.

Rotor operation is simulated using the Blade
Element Momentum (BEM) model — a 2D model

which performs discretization of the blades and cal-
culates loads based on local fluid flow, incorporat-
ing mass and momentum conservation. Correction
methods such as Prandtl Type factor and 3D correc-
tion factor are utilized for accurate simulation, ac-
counting for rotor three-dimensionality.

4. EXPERIMENTAL SETUP

Experimental measurements of the number of
rotations of the turbine rotor are performed at the
laboratory of fuid mechanics and hydraulics at the
Faculty of Mechanical Engineering in Skopje.
Three blades are designed in SolidWorks using co-
ordinates from the wind turbine rotor’s numerical
model in Qblade, ensuring identical geometry be-
tween the experimental and numerical models.

A standard hub and a modified hemispherical
hub are created for the conventional and unconven-
tional rotor assemblies, respectively, as shown on
Figure 6.

Fig. 6. Design of two turbine hubs

The rotor geometries are produced using a 3D
printer and assembled into a single unit, mounted on
a 36 cm metal stand. Balancing of the metal pole is
achieved using two metal ropes to reduce vibrations
from airflow during testing. The wind turbine is po-
sitioned at the air tunnel exit, measuring 275%275
mm in area. The fluid stream inlet speed. generated
by a fan at the tunnel entrance, is controlled using a
frequency regulator. A net is installed in the air tun-
nel to disrupt vortex effects caused by the fan’s po-
sitioning.

Measurements are conducted at seven different
speeds for both rotor configurations. In addition,
two additional tests were performed on the modified
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hub rotor, adjusting the distance of the hemisphere
from the blade center. Airspeed is measured using a
digital anemometer, and the number of rotations of
the rotor with a digital tachometer. The experi-
mental system consisting of a balanced wind tur-
bine, wind tunnel, and accompanying measuring de-
vices is shown in Figure 7.

The experiment is used in order to validate the
numerical model for the wind turbine operation in
the wind tunnel, and to use it in an attempt to in-
crease the utilization of the air flow, increase the
number of revolutions of the rotor and eventually
increase its efficiency, by implementing the new
turbine hub.
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Fig. 7. Experimental system

5. NUMERICAL MODEL VALIDATION

Validation of the numerical model was done
by comparing the experimentally measured values
and numerically obtained results for the number of
revolutions per minute of the turbine rotor as an es-
sential factor in power generation. This was facili-
tated by the rotor adaptable design, allowing for
blade rotation and precise angle adjustments. Fig-
ures 8 and 9 show the comparison between the ex-
perimental and numerical data for angle of attack 3°
and 6°, respectively. It can be seen that the results
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are in good agreement. The differences that exist
can be assigned to the measurement errors, errors of
the numerical model and the influence of surround-
ing airflow conditions.

After the numerical model is being validated,
it can be used for simulations of operation for other
wind turbines with different airfoils, blade design
and rotor configuration, furthermore they can serve
as a basis for further adjustments to the experi-
mental model and subsequent validation through the
numerical analysis.

—e— Qblade

~@— Experiment
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Fig. 8. Collective pitch 3°
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Fig. 9. Collective pitch 6°

6. RESULTS AND DISCUSSION

The wind turbine performance was observed
with a modified configuration using the hemispher-
ical hub. The number of rotations was measured un-
der identical installation conditions as the standard
turbine, which had been validated through both nu-
merical and experimental models. With the optimal
6° angle of attack determined from simulations and
verified experimentally, measurements were taken
of the rotor rotations at speed of 0.5, 0.6, 0.7, 0.8,
0.9.1,and 1.5 m/s.

Furthermore, these measurements are expand-
ed to include another variable — the distance of the
hemispherical hub from the center of blade place-
ment. This alteration affects the timing and duration
of contact with the fluid current, consequently
impacting the blade efficiency in capturing the fluid
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flow. The distances for this measurement were 3,
10, and 15 mm, respectively. Figure 10 shows the
influence of the distance of the hub from the blade
placement center on the number of revolutions.

In the case of the wind turbine with the hemi-
spherical hub distanced 15 mm from the center of
the blades, which is determined by the intersection
of the blade’s axis, a significant increase in revolu-
tions per minute is observed. A portion of the wind
flow is directed to the upper parts of the blades, re-
sulting in enhanced utilization of wind power, there-
fore in increased rotational speed. The same portion
of wind flow in the case of wind turbine with stand-
ard hub design is flowing by the hub and the lower
parts of the blades, resulting in wake effect and in-
creased losses, hence the lower value of the rota-
tional speed.

—@— Standard turbine

~&— Hemisphere hub
(distance of 3 mm)

Hemisphere hub
{distance of 10 mm)

Hemisphere hub
(distance of 13 mm)

Fig. 10. RPM at wind speed from 0 to 1.5 nv's for different rotor configurations
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While comparing the obtained experimental
results, it must be noted that the discrepancy be-
tween the rotational speed of the standard wind tur-
bine rotor and the one with the hemispherical hub
distanced 5 mm from the center of the blades is rel-
atively small. This indicates the limited benefit of
implementing the hemispherical hub, which visibly
depends on the distance between the center of the
blades and the hemispherical hub itself

0.6

Cp (’)

Wind speed (m/s)

For these particular models, a simulation for
determining the variation of the power coefficient as
a function of the wind speed was conducted (Figure
11). Comparing Figures 10 and 11, we can clearly
note that the examined turbine models are experi-
encing their full potential between wind speed of 1.3
and 1.35 m/s. This indicates an increase in vorticies
and losses for higher wind speeds and higher
rotational speed of the rotor, due to the stall effect.

® Distance of 15 mm
® Distance of 10 mm
» Distance of 5 mm

Standard turbine

1.6

Fig. 11. C, variation as a function of different wind speed

For the wind turbine rotor with a hemispherical
hub distanced 15 mm from the blade center, at the
optimal wind speed of 1.3 m/s, the value of the C,
is approximately 21.5% higher than the power coef-
ficient of the standard wind turbine rotor configura-
tion. For the rotor configuration with the hemispher-
ical hub distanced 10 mm from the rotor center, at
the optimal wind speed, the C, percentage differ-
ence is reduced, yet still amounts to a significant ap-
proximate of 19 %.

Additionally, it is notable that the right posi-
tioning of the hemisphere results in a better cut-in
speed. Distancing the hemisphere 15 mm from the
original hub center for this particular design, allows
for better wind flow mitigation to the tip of the
blades, enabling the rotor to start rotating and gen-

erating power earlier, and at lower wind velocities
than the rest of the rotor configurations.

The experimentally obtained values of rotor
revolutions cannot be directly compared to those of
full-scale wind turbines due to its significantly
smaller size. Scaling this experiment also means
taking into consideration the rotor aerodynamic in-
fluence in a wind farm.

Regarding the aerodynamic similarity, the
Reynolds number for a full-scale turbine would be
significantly higher than the experimtal setup. The
difference could impact boundary layer behaviour
and the aerodynamic forces acting on the blades.

Although the loads on the wind turbine struc-
ture caused by the various rotor configurations were

Mech. Eng. — Sci. J., 42 (2), 107115 (2024)
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not subject in this paper, we must note that the hem-
ispherical hub design may introduce different static
and dynamic loads at full scale. Larger structures of
this kind might require adjustments to ensure mate-
rial strength and stability, particularly under high
wind speeds or turbulent conditions.

The implementation of new geometries for this
kind of structure will involve cost and practical
feasibility, relating to manufacturing, installation,
and maintenance.

The introduction of the hemispherical hub has
shown a positive impact on increasing the rotor rev-
olutions and power coefficient under identical oper-
ating conditions. This is attributed to its geometry,
which directs the wind current towards the upper
part of the blades, preventing losses from flow dis-
ruption between the blades.

The hemispherical hub could be a great effi-
ciency solution for the multi-rotor wind turbines
which use multiple smaller rotors instead of a single
larger one, to increase the swept area, without the
structural challenges of larger blades. Smaller rotors
mean smaller hemispherical geometries, reducing
the manufacturing cost and structural challenges,
while enhancing every rotor efficiency.

Upwind rotors avoid tower shadowing but re-
quire complex yaw mechanisms to align with the
wind. In contrast, downwind rotors simplify the de-
sign by aligning passively, but face efficiency losses
due to tower interference. In both cases, the focus is
on the blades, which in the optimization phase will
eventually reach their full potential. Implementing
the hemispherical hub could only strengthen the
wind turbine’s ability to harness wind power.

Morphing blades, inspired by natural struc-
tures, are dynamically adjustable blades to changing
wind conditions in order to improve aerodynamic
performance. Implementing these blades to the
multi-rotor wind turbine design, and utilizing the
hemispherical hub design, could provide a novel hy-
brid approach to enhancing turbine efficiency.

Of course, this type of additional geometry, af-
ter examination of the multiple considerations re-
garding the scaling process, can be used not only for
designing new wind turbines, but also for enhancing
the efficiency of existing ones.

7. CONCLUSION
In this paper an experimental analysis on the

number of rotations of two wind turbine rotor as-
semblies was conducted. Additionally, a numerical
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analysis on a standardly designed wind turbine rotor
was performed for various angles of attack and dif-
ferent flow velocities, using NACA4412 airfoil-
based blades. For the optimization of the rotor, the
standard chord line optimization, twist optimization
and TSR were used. This analysis was conducted
using the Qblade software in order to produce a nu-
merical model that can be experimentally validated.
For this particular model, the optimal angle of attack
was achieved at 6°, which gives the best glide ratio
for the model, hence the instructions regarding the
blade placement.

Changing the standard configuration of the
wind turbine hub assembly by adding an unconven-
tional geometry on the experimental setup, while
maintaining the same geometry of the blades, for
different angles of attack, different air flow speed,
identical to the numerical model, an increase in the
number of revolutions per minute of the rotor is
achieved. The result notes an increased utilization
of the potential wind energy, therefore an increase
of the turbine efficiency.

These numerical and experimental models can
be used for further analysis regarding the placement
of the hemisphere, improving its aerodynamic ge-
omelry and its influence on the statics and loads on
the whole construction of the turbine. Finally, these
models can be used for further analysis regarding
the influence of this geometry on the air flow at a
wind farm.
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