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ABSTRACT

Wind energy is the fastest growing energy in the world today. Vertical axis wind turbine (VAWT) is
an effective way to benefit from this energy. So that, the present work aims to improve the
performance of Darrieus straight bladed rotor. For improving the performance Darrieus straight
bladed rotor, six aspect ratios and four chord lengths of Darrieus rotor are experimentally selected in
an attempt to improve the performance of Darrieus wind turbine. The experimental results in the
present work are obtained using three blades of a new airfoil shape design which is designated as
ENO0O0O05 at different wind speeds. The comparison between six aspect ratios at the same wind speed
and chord length showed that, the rotor with aspect ratio 0.833 and chord length 18 cm produces the

maximum power coefficient.
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1- INTRODUCTION

Recently, the energy demands have increased and the
conventional energy resources that used coal, oil and
natural gas to produce the energy caused a negative
impact on the environment like the greenhouse gases.
So many conferences have been held to discuss this
serious problem and the big industrial countries have
reached an agreement to reduce the emissions by
using a renewable and friendly energy for the
environment. So that, the demand and improvement
of the resources of renewable energy have increased
in the last decade. One of

the most important resources of the renewable energy
is the wind energy .Wind energy is the fastest
growing energy in the world and the wind power
capacity worldwide by the end of 2018 reached 600
Gig Watt and 53.9 GW added in 2018, according to
preliminary statistics published by the world wind
energy association (WWEA),[1].Moreover, to
convert wind energy into mechanical energy, the

most effective way is wind turbine. Where, the
kinetic energy available in the wind is converted to
torque by the blades of the wind turbine and this
torque

rotates the shaft and hence, the mechanical energy is
generated. Finally, the mechanical energy is
converted into electrical energy by using the
generator. The wind turbine is classified into two
categories Horizontal Axis (HAWT) and Vertical
Axis (VAWT). Nowadays, the world focuses on the
HAWTSs because they produce more energy and have
more efficiency compered to VAWTSs. But, HAWTS
are difficult to use in urban areas because, the flow
changes in velocity and direction so that, the VAWTSs
are suitable in these places. VAWTSs have many
advantages compered to Horizontal Axis Wind
Turbines such as, simple construction, low
installation and maintenance cost, low operating
wind speed, and an ability to operate in any wind
direction; Thus, they are useful for installation as
a low cost, small scale decentralized energy
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generation device [2],[3] but, it has low aerodynamic
efficiency, and a new design is proposed to improve
the efficiency of VAWTs.The VAWTs can be
divided into two types: Savonius wind turbine and
Darrieus wind turbine. Savonius wind turbine
depends on the drag force from the wind that rotates
the blades and hence, rotates the Savonius rotor.
Darrieus wind turbine depends on the lift force from
the wind that rotates the blades and the Darrieus
blades have an airfoil shape. Darrieus wind turbine
has several disadvantage such as, inability to self-
start and to overcome this problem, several solutions
have been proposed such that, the use of guide-vane
[4], optimizing the blade pitch angle [5], using a
savonius wind turbine and Darrieus wind turbine
together (hybrid configuration) [6], using blade
profile aid offers self-start capabilities without using
external components [7][9]. Soni and Thakkar [8]
presented a review on the aerodynamic performance
evaluation of straight blade wvertical axis wind
turbine. They described some parameters which
affect the performance of these turbines such as
number of blades, turbine solidity, airfoil selection,
blade pitch angle and turbine aspect ratio (H/D). it
was found that 3 blades VAWT is more efficient
than 2 or 4 blades. Solidity of 0.2- 0.4 are more
efficient. also, It has been found that the pitch
angle, turbine radius and chord length have a
significant effect on the turbine power coefficient.
Batista et al. [9-11] presented a new blade profile for
Darrieus wind turbine capable to self-start at low
wind speeds which the new airfoil is called ENO0O5.
Also, they used other airfoils such as NACA 0018
and NACA 4418 to compare with the new blade
shape. In addition to that, they studied the influence
of the chamber size and the influence of the chamber
position for different NACA blades profiles. Finally,
their results showed that the new airfoil ENOOO5 is
capable of self-starting without the use of external
energy input like external electricity feed. This blade
gives high performance at low wind speed and low
TSR and gives also a good performance at high wind
speed and high TSR. Also, they studied the influence
of the chamber size and the chamber position and
they found that when the airfoils with chamber
positioned in the middle of the blade chord line
and with curve sizes between 4% and 6% of the
chord line size provide a better performance
regarding self-start capabilities. Sengupta et al. [12]
found also that the new blade ENO0O05 exhibits
minimum starting time from static position. Also,
they used three different rotor aspect ratios [0.9, 1.0
and 1.1] for three different wind speeds [4 m/s, 6 m/s,
8 m/s] to study the performance of the turbine.
Alexandru-Mihai et al. [13] proposed a new urban
design to enhance the overall performance of the
urban H-rotor vertical axis wind turbine by adding a
second set of blades. They used NACA 0018 airfoil
with 0.48 solidity and TSR= 1. Their results showed

that, the new vertical axis wind turbine (biplane
configuration) yields an increased lift that leads to
increase of the power coefficient. Mojtaba et al. [14]
proposed a novel heuristic method for optimization
of straight blade vertical axis wind turbine. They
used six types of airfoils with different parameters
such as (0.05 < chord > 0.1 m), (1 < Diameter > 2.5
m) and number of blades =2, 3 and 4. The maximum
power coefficient of the optimized turbine calculated
by (DMST) model is 44% higher than the original
turbine power coefficient. The best solidity for
achieving the maximum average power coefficient is
equal to 0.254. The value of chord and diameter was
selected to be to 0.1 m and 1.18 m and the number of
blades was chosen to be 3 with NACA4412 airfoil
type was selected as the best configuration. El-
Samanoudy et al. [15] studied the effect of pitch
angle, number of blades, airfoil type, turbine radius
and its chord length on the performance of VAWT.
They used three different types of NACA airfoil
(NACA 0024, NACA 4420 and NACA 4520) with
different chord lengths and pitch angles. Their results
showed that, the symmetrical airfoil NACA 0024
gives higher performance compared to the cambered
airfoil. Also, the performance increased with
increasing the chord length and decreased with
decreasing the turbine radius.

The present work aims to improve the performance
and self-starting capability of straight-bladed
Darrieus rotor. For improving the performance and
solving the problem of self-starting capability, six
aspect ratios and four chord lengths of Darrieus rotor
were experimentally selected in an attempt to
improve the performance of Darrieus wind turbine.
The experimental results in the present work are
obtained using 3-blades turbine using the new profile
named ENO0OO5 at different wind speeds.

2- Experimental Apparatus:

In order to carry out experimental investigation of a
straight-bladed Darrieus wind turbine, a testing
apparatus is designed and constructed. The present
experimental test rig is based on the previously
explained and used by Nasefet al. [16] with
successful results. The test rig is illustrated
schematically in Fig. 1. It consists of: a centrifugal
fan with maximum air speed 14 m/s at the exit. AC
motor of 1480 rpm and 15 HP rated power is used to
drive the fan. Duct is connected to the fan with a
square cross section and 1.5 m length and 1.5 mm
thickness. The model of the turbine has the following
specifications: hollow steel shaft with 30 mm
diameter, three blades (EN 0005) with four different
chord length (12, 14, 16, 18 cm) respectively and 40
cm height, steel link is used to connected the blades
with the shaft, four ball bearing (SKF) are mounted
to fix the turbine rotor with frame and a steel frame is
used to fix the turbine. The blades are fabricated
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from fiber glass material by casting process. The
turbine rotor is placed at the center position in the
front of the duct exit as shown in Fig.1. The technical
specifications of Darrieus turbine rotor are listed in
Table (1)

Table (1): Darrieus rotor specifications

Blade airfoil [-] EN 0005
Number of blades (n) [-] 3
Blade length (L) [m] 0.4

chord length (CL) [m] 0.12,0.14, 0.1

and 0.18
Rotor diameter (D) [m] 0.308-0.5
Rotational speed (N) [rpm] 50-750
Wind speed (U) [m/s] 6-12

3- Measurements and instrumentation:

An air anemometer is used to measure air velocity. It
had an operating range of (0.4-25.0) m/s, and an
accuracy of 0.2 m/s (Model: AM-4206
Anemometer) as shown in Fig. 2. A digital laser
tachometer illustrated in Fig. 3 is used to measure the
rotational speed of the rotating turbine shaft with an
operating range of (1-10000) rpm, and an accuracy
of 0.5 rpm (Model: GTC-TAL110 laser tachometer).
Moreover, Fig. 4 shows photographically the digital
torque meter used to measure the torque generated by

(a) an isometric view

the turbine rotor. It has an operating range of (-5 to +
5) N.m, (Model: MCRT-48200v Compact digital
torque meter).

3- Results and discussion:

Various measured parameters are used to study and
analyze the performance of Darrieus wind turbine
such as the average wind speed, aspect ratio (AR)
and chord length. Where, the aspect ratio (AR) is
defined as the ratio between the blade height (H) and
the rotor diameter (D), which is given by equation.
(1) and the performance of the turbine is assessed by
calculating the power coefficients, Cp and tip speed
ratio, A are given in equations 2 and 3 respectively

H
_i (1)
AR D
L )
0.5p A U3
wR
_ @R 3)
A U

(b) a photo of the experimental set-up

(1) Centrifugal fan, (2) AC motor, (3) fan exit duct, (4) rotating shaft, (5) blades,
(6) steel links, (7) bearings, (8) steel suspension frame

Fig. 1 An illustrative figure of the experimental test rig, (a) An isometric view, (b) a Photo
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Fig. 3 A photo of the digital laser tachometer

Fig. 4 A photo of the torque meter Fig.5 A photo of EN00O5 blades with 0.18m
chord length

v

Fig.6 A photo of EN0O0O5 blades with Fig.7 A photo of ENO0O5 blades with  Fig.8 A photo of ENO0O05 blades with 0.16m

0.12m chord length 0.14m chord length chord length
the experimental results in the present work are named ENOOO5 at different wind speeds and chord
obtained using 3-bladed turbine with the new profile length as shown in Fig. 5- 8.
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3-1 Effect of wind speed

Wind speed is one of the main parameters that
delineates and describes the performance of Darrieus
rotor so; in the present work different wind speeds
are measured. In this study, the effect of wind speed
on the performance of six aspect ratio, namely AR =
1.3, 1.25, 1.143, 0.952, 0.833 and 0.8 for Darrieus
rotor is investigated experimentally. Fig. 9 shows the
power coefficient (Cp) as a function of blade tip
speed ratio (A) at different wind speeds (V). It is
observed that, the power coefficient of wind turbine
is increased with increasing the wind velocity at the
same tip speed ratio. Also, It should be noted that, at
the highest wind speed the maximum performance
occurs at a tip speed ratio (A) around one.

3-2 Effect of aspect ratio

In order to understand the effect of aspect ratio on the
performance of Darrieus wind turbine, six aspect
ratios namely AR = 1.3, 1.25, 1.143, 0.952, 0.833,
0.8 are used. In this section the experimental results
for chord length 0.16m and different aspect ratios at
the same wind speed is presented in Fig.10. The
figure shows that change in the power coefficient
(Cp) with tip speed ratio (1) at different aspect ratio
(AR) and the same wind speed. It is observed that, at
the same wind speed, the maximum performance of
Darrieus rotor occurs at aspect ratios 0.833 and 0.8
respectively. This may be explained as follows: a
suitable turbine diameter is chosen and the vortices
behind the turbine shaft decreases before getting to
the blades. On the other hand, the minimum
performance of Darrieus rotor occurred at aspect
ratio of 1.3, as the blades is much close to the turbine
shaft and the vortices zone.

3-3 Effect of chord length

One of the most important parameters that affect the
performance of Darrieus rotor is the chord length. In

order to study the effect of chord length on the
Darrieus performance four chord

lengths (CL = 0.12, 0.14, 0.16, and 0.18 m) at AR =
0.952 and the same wind speed are used. Fig. 11
shows the power coefficient as a function of tip speed
ratio at different chord lengths. It is noted that, as the
chord length increases, the power coefficient is
improved. This is because the aerodynamic force on
the blades increases due to an increase in the
projected area. Also, when the chord length increases
the Reynolds number (Re) increases and hence the
turbine performance is improved.

4- Conclusions

In the present study an experimental investigation
for the evaluation of the performance of straight
bladed Darrieus rotor with new profile EN 0005 is
selected as a base airfoil in this work in an attempt to
improve the performance. For this, six aspect ratios
and four chord lengths are experimentally tested. it
can be concluded From the experimental results that:

1- The performance of Darrieus rotor increases with
the wind velocity The higher the wind speed the
higher the maximum average power coefficient.

2- The maximum performance of Darrieus rotor
strongly depends on the aspect ratio. Increasing
the aspect ratio has a negative effect on the
performance, and the maximum performance
occurs at aspect ratios of 0.833 and 0.8
respectively.

3- The effect of chord length on the performance is
also presented. It was noted that, the coefficient
of power is enhanced with the increase in the
chord length and the maximum performance
occurred at CL = 0.18 m at the same aspect ratio
and wind velocity.
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Nomenclature:

A': Swept area, m?

AR : Aspect ratio, [-]

CL . Blade chord length, m.
C,: Power coefficient,[-].
H: Blade height, m

N: Rotational speed, rpm
n: Blade number

V: Wind speed, m/s.

Greek Symbol:

A: Tip speed ratio
p : Density of air, kg/m?
o : Angular speed, S*
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