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The H-Darrieus vertical axis turbine is one of the most promising wind energy converters for locations where
there are rapid variations of wind direction, such as in the built environment. The most challenging
considerations when employing one of these usually small machines are to ensure that they self-start and to
maintain and improve their efficiency.-e aim of the current investigation is to analyse all the acting forces on
the main parts of Darrieus rotor over the rotations as well as in maintenance and stationary conditions. The
study is first of its kind to consolidate and compare various approaches studied on the Darrieus turbine with
the objective of increasing performance at low wind. Most of the evaluated solutions demonstrate better
performance only in the limited tip speed ratio, though they improve the low wind speed performance. Several
recommendations have been developed based on the evaluated concepts, and we concluded that further
critical research is required for a viable solution in making the Darrieus turbine a low-speed device.
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INTRODUCTION
This study investigates the venturi effect (VE) to
optimize the performance of vertical axis wind
turbine (VAWT) in low wind speed conditions. The
study indicates adding a secondary blade attached
to the main blade of the vertical axis wind turbine
to increase the lift force by amplifying the lift
velocity vector form between the area of the two
blades. The Venturi Effect (VE) is proposed to take
effect between main and secondary blade so that
the additional blade will be in different positions
with respect to the main blade in order to get the
optimum position and distance. The variation of
the rotational speed of the vertical axis wind
turbine was presented to have high effect in the
power generated by the rotor of the turbine. The
analysis of force vectors of drag, lift, and tangential

have been presented to get the optimum position of
the secondary blade. The increasing in rotational
speed of the developed wind turbine as compared
with the original wind turbine was found to be 31%.

Figure 1: Straight rotor of Darrieus wind turbine
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Since the small wind turbines are often installed in
the locations of power demand rather than
optimum wind speed condition. As high wind sites
are exploited to the fullest, these turbines find their
locations that have an average wind speed of 4~6
m/s. Darrieus turbines are notoriously bad
performers in these wind speeds due to their non-
self-starting nature and very low torque due tothe
aerodynamics that are associated with the
Darrieus rotor configuration

LITERATURE REVIEW
To enhance the performance distinctive of the
Darrieus rotorE. Hau [1].Recently, a lot of
interesting attempts and research papers in
different countries were achieved in the scope area
of wind turbine to solve the energy problems and
crisis in those countries. In the last twenty years,
the horizontal axis wind turbine received much
attention in the development to increase its
performance. Meanwhile, there is no fine, good,
and valuable interest for vertical axis wind turbines
that operate in the urban zones under low wind
speed Takahashi et al. [2] tried experimentally and
numerically to improve the output power of the
straight wing vertical axis wind turbines
(SWVAWTs) by investigating several sectional
profiles. -e double multiple stream tube model
under transient conditions (analytical solution) is
performed as a solution method. -at method was
utilized to deduce the aerodynamic results by
Mukinovic et al. [3] for the performance of Darrieus
rotors. Kumar et al. [4] offered an appropriate
system of Darrieus (H-rotor) turbines using both
BEM and CFD methods. A CFD model was
introduced by Castelli et al. [5] to evaluate and
assess the performance of a Darrieus wind rotor
under several conditions. -at simulation used a
sectional profile of NACA 0021 airfoil and the two-
dimensional campaign to study the turbine’s
performance. In order to estimate the aerodynamic
efficiency of the H-rotor Darrieus wind turbines,
Sabaeifard et al. [6] deduced some results that have
investigated experimentally and computationally.
Various designs and aerodynamic parameters like
sectional profiles, number of blades, and solidities
are investigated in that paper. -e optimum design
was gained with an optimal power output
coefficient of 0.36.

RESEARCH METHODOLOGY
The most popular choice of airfoils for Darrieus
turbines are symmetrical NACA profiles such as
NACA 0015, 0018, and 0021, as they are

experimentally validated for the range of Re that a
VAWT typically experiences while in operation.
Though it seems logical and efficient to use
symmetrical airfoils as the suction and pressure
side are reversed during the upwind and downwind
rotation, the cambered airfoils are preferred from
the self-starting perspective, especially for the fixed
pitch VAWT as evaluated. The airfoils should
generate sufficient lift at low Re of 103 to 104 to
overcome the resistive and inertial torque of the
turbine to self-start. The symmetrical airfoils
exhibit poor performance in this range and thus
failing to start at low wind speeds. In contrast, a
cambered airfoil is able to generate moderate lift in
this range of Re inducing rotation without
significant abatement in power production at high
winds the power output is proportional to the cube
of wind speed, the upstream half of a rotor
encounters high velocity compared to downstream
half and hence it is wise to select a configuration
that preforms better in upstream half. To enhance
the self-starting process with cambered airfoils, the
concave out configuration extracts maximum
power due to the positive angle of incidence in
upstream half, whereas for the concave in
configuration, the airfoil encounters a negative
angle of incidence in the upstream half, leading to a
reduced power output. Though cambered airfoils
generate moderate drag on the downstream half
due to negative incidence angle, the superior
performance due to the positive angle of incidence
in the upstream half will result in a higher overall
performance at low Re. Wortmann FX63-137 airfoil
of more than 5% camber was investigated.

Figure 2. (a) Concave-In; (b) Concave-Out; (c)
Turbine with cambered blades

Airfoil Characteristics:
The airfoil geometric features and their
aerodynamic characteristics have a profound effect
on turbine performance and starting
characteristics. The airfoil characteristics
evaluated in this text pertains to small fixed pitch
straight bladed Darrieus turbine of power capacity
less than 20 kW that may typically operate at the
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rated wind speed of 10~12 m/s. Though a high
coefficient of lift/coefficient of drag (Cl/Cd) ratio is
preferred for any airfoil design, a maximum Cl/Cd
over a wider range of angle of attack (AoA) is the
desired characteristics for vertical axis wind
turbines. The chosen airfoil should be able to
generate sufficient lift both in the positive angle of
incidence during the upstream half and the
negative angle of incidence in the downstream half.
NACA00XX: Symmetrical NACA profiles are
preferred during early days of VAWT development
due to readily available test data that are meant for
aviation purpose. Initially, NACA0012 was
employed in smaller capacity turbines. As the size
of the turbine grows bigger, NACA 0018 is preferred
for the structural stiffness. Several NACA 00XX
profiles are evaluated for higher AoA and Re range
suitable for larger VAWTs.
NACA 6 Series: NACA 64 and 63 series airfoils
were optimized by Migliore [18] at West Virginia
University and compared with traditional NACA
00XX airfoils. The results show a higher Cp at
higher TSR than traditional airfoils. Subsequent
testing revealed that the performance increases
with the airfoil thickness, a desirable property from
the structural perspective. NACA 632015,
corrected for flow curvature effects outputs 20%
more annual energy than NACA 0015.
Blade Thickness:
Blade thickness has a significant influence on both
aerodynamic and structural characteristics. An
optimum thickness should perform even in low Re
for improved low wind speed operation. Top view of
a Darrieus rotor with thicker and thinner airfoil is
shown in Figure The airfoil thickness should be
chosen cautiously, as the local relative velocity is
different for the upstream and downstream halves.
A thicker airfoil may perform better in the upwind
half and suffer high separation bubble drag in the
downwind half, especially at low TSR and high AoA.
A better overall performance was displayed by 18%
thick airfoil for the Re range of 2 × 105–3 × 105, as
claimed by for low wind operation. demonstrated
that a thicker airfoil of 19% improved the starting
capability than thinner airfoil. suggested that the
maximum thickness can be increased till 28.5%
without any penalty on the power coefficient.

Figure: H-Rotor with NACA 0021 (thick) airfoil
(b) H-Rotor with S1210 (thin) airfoil (c)
Commercial turbine with thicker blade

A thicker airfoil will have more space to
accommodate these devices. Apart from the
aerodynamic gains, a thicker airfoil provides higher
bending stiffness, facilitating the addition of blade
spar and enhancing the overall structural
characteristics. The structurally improved blades
are able to withstand high centrifugal forces
allowing the rotor to rotate at higher rpmThe
thicker airfoil will generate less noise compared to
thinner airfoils, especially at higher TSR. Hence, an
optimum airfoil thickness is 18%~20%c to achieve
better overall performance at low wind speed and
for self-starting for the small wind turbine

RESULTS AND DISCUSSIONS
Vortex generators are passive devices commonly
employed to delay flow separation Though airfoil
stall cannot be avoided, the onset can be delayed by
maximizing the energy yield of a Darrieus turbine.
Apart from delaying the stall, introducing the
vortex generators on the Darrieus rotor blade is of
interest to increase the lift at low Re during the low
wind speed operation and starting, as shown in
Figure The principle behind any vortex generator
design is to induce stream wise vortices that can
exchange the high momentum fluid from free
stream to relatively slower moving boundary layer.
This process energizes the boundary later to
overcome the adverse pressure gradient during
high AoA, thus postponing the stall The
dimensions of the vortex generator rely on the
boundary layer thickness and may result in a drag
penalty if not optimizedThough vortex generators
can induce co-rotating or counter-rotating flows,
the paired counter-rotating vortex generators
arranged at 30o to the blade angle was most
effective method, as suggested by An optimal chord
wise position and span wise spacing are crucial in
determining the performance, as shown in Figure
The chord wise spacing has a greater influence on
the post-stall behavior with a sudden decrease in
Cl and the optimal location is found to be 30% c
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rather than 10%–15%c, especially at a higher AoA.
The vortex generators though did not eliminate the
laminar separation.

Figure: (a) H-Rotor with VG; (b) Typical VG
details; (c) DAF INDAL turbine with VG.

Figure. (a) Cl/Cd vs. AoA for with and without
VG; (b) Power vs. wind speed for various VGs.
The notable positive aspect is the delay in the
dynamic stall but at a maximum angle of at tack,
there is a sudden drop in the lift and moment
coefficient, which may lead to structural vibrations
The gurney flap may generate more power,

especially in the upstream stroke compared to
baseline turbine without gurney flap, but may

display poor performance in the downstream half.
A further experimental investigation is necessary to
get an insight on starting behavior and low wind
speed operation with a gurney flap

Figure: (a) H-rotor with Gurney flap (b) Details of
an airfoil with gurney flap (c) Illustration of a

H-rotor with gurney flaps.

Figure. (a) H-rotor with a trailing edge flap (b)
Details of an airfoil with a trailing edge flap (c)
Illustration of a H-rotor with trailing edge flaps

Figure: (a) Cl and Cd of NACA 0012 with and
without a trailing edge flap (b) Cp vs TSR for
NACA 0012 with and without a trailing edge

flap.
With the flap control, the peak power coefficient is
enhanced by 10% at a higher TSR compared to the
conventional blade. The power improvement is at
tributed to the delay in the dynamic stall and by the
minimization of blade vortex interaction. The
implementation of trailing edge flaps to straight
bladed turbine is dictated by the size of the turbine.
The trailing edge flaps are not possible to integrate
into the helical blades as the hinge axis of the flap
is twisted along the rotor axis and it is highly
complicated due to actuation and blade
loading.Due to advancements in the composites
and the invention of glass and carbon fiber
composites, a solution remedying blade was found.
The next immediate challenge is to enhance the
poor performance of these turbines at low wind
speeds and its starting characteristics, which is
still a challenge to the research community. The
starting of VAWTs is described as a transition
process from linear flow, at low TSR, to rotational
flow, at high TSR, which involves the change of a
vertical structure of wake and blade–wake
interaction

CONCLUSIONS:

The Darrieus wind turbine has experienced ups
and downs since its invention. Several critical
issues hindering the development of H-Darrieus
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have been addressed in the past years. Darrieus
turbine was at a peak, blade failures were a
recurrent problem due to cyclic stress, which
almost brought the research on these turbines to a
halt. This happened because aluminum is the
predominant blade material, which is not able to
withstand the alternating stress, leading to
premature failure. Due to advancements in the
composites and the invention of glass and carbon
fiber composites, a solution remedying blade was
found he emphasis in this review is placed on the
starting torque comparison and its influence on the
power coefficient. A large number of papers have
been published in several key areas such as
aerodynamics, control systems, and generator
design with a strong focus on the development of
Darrieus turbine for low wind speeds. The
innovative concepts discussed in the current text
will provide the readers with adequate knowledge
on choosing the suitable mechanisms to enhance
the performance at weak winds
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