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In this work, the performance of a new wind turbine design derived from a conventional
Savonius turbine is investigated by numerical simulations. The new design consists of
three blades without passage between them (closed center). All unsteady computations
(which mean computational fluid dynamics as well in the next sections) presented in
the current work depend on a commercial software ANSYS Fluent 19. In particular, the
blade geometry, the influence of a deflecting plate, and the influence of mobile parts
on the returning plate have been investigated in detail. Since first results were partly
disappointing for the turbine with a deflector but very interesting for the turbine with
an opening blade, these same properties have also been investigated for the classical
Savonius turbine. By comparison between both, an optimal solution can emerge from
this first study for these designs. The results indicated that the opening blade design
improved the performance by 25.9% at A = 0.7; however, the deflecting plate reduces
the performance along the operating range.

Keywords: Savonius turbine, wind energy, CFD, deflector, opening blade

1 INTRODUCTION

Due to the deep energy crisis in the world, research studies and development activities in the field
of renewable energies and especially wind energy have considerably increased during the last few
years in many countries. Although wind energy technology has been greatly improved during that
time, the available technical design is not enough to extract the wind energy and convert it into
the mechanical energy for the conditions of the residential and remote areas which have low wind
speeds. Savonius turbines (Figure 1) and derived configurations could be a very good solution for
such conditions. This is the purpose of the present study.

1.1 Savonius Turbine Performance
Utilizing the details of Figure 1, the wind speed coefficient (tip speed ratio) was determined by

A =wR/U. (1

For the Savonius rotors of height H and a wind of upstream velocity U, the output power P
and the output torque on the shaft of a Savonius turbine can, respectively, be written as follows:
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FIGURE 1 | Standard Savonius turbine (A) and description and main
parameters characterizing a Savonius rotor (B).
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where C, and C,, are, respectively, the output power coefficient
and the output torque coeflicient. In the following lines, Savonius
rotors are called conventional or standard Savonius rotors if the
geometrical factors a and e are, respectively, equal to 0 and d/6.
This base configuration of the turbine was intensively investigated
as in Menet and Nachida (2004). In particular, values of G, and
C,, were numerically calculated as a function of the tip speed
ratio A, allowing for a direct estimation of mechanical power and
mechanical torque. Nevertheless, the values found by Menet and
Nachida (2004) are unusually higher than those in the standard
literature on the subject and must be considered with caution,
since only very few details are given concerning the underlying
procedure.

1.2 Purpose of the Present Work
A lot of literature reports have appeared in the last two
decades related to the Savonius turbine and its performance. The

theoretical and experimental results concerning the performance
of Savonius turbines in these previous publications have
indicated that such turbines are interesting for some specific
applications but show a very low efficiency. It is thus essential
to increase the performance of these turbines. Therefore, several
design improvements have been introduced to enhance the
efficiency of the Savonius rotor (Menet and Nachida, 2004;
Haddad et al., 2021; Huda et al., 1992; Saha and Rajkumar, 2006;
Irabu and Roy, 2007; Menet, 2007; Mohamed et al., 2021). In
the present study, we will study numerically the three-bladed
design under the effect of the rounded deflector as well as the
opening returning blade as a new concept derived for a Savonius
turbine: it is a turbine consisting of three semi-cylindrical blades
without a passage in between, as shown in Figure 2. This concept
has been proposed in several publications (Haddad et al., 2021;
Mohamed et al., 2021).

For instance, Kamoji etal. (Kedare et al., 2009) studied the
helical design of Savonius turbine to improve the performance,
and they found that the helical shape enhanced the self-
starting of the turbine. In 2006, Saha and Rajkumar investigated
the twisted design of Savonius turbine, which improved the
performance, but it is costly and complex design (Saha and
Rajkumar, 2006). Installing a guide box around the rotor was
studied by Irabu and Roy (2007), and it improved the three-
blade rotor, but it has a very complex design. Iio et al. (2011)
increased the performance by installing a shielding plate.
Elbatran et al. (2017) found that installing a ducted nozzle
increases the performance to get a maximum power coefficient
equal to 0.25. Kerikous and Thévenin (2019) optimized the blade
thickness to improve the performance, and they found that
the relative increase was 12%. Dual splitters were added (Patel
and Patel, 2021) to the blade of Savonius turbine to improve
the aerodynamic distribution of the flow inside the blades,
and they succeeded in increasing the performance by 7.3%.
Ramadan et al. (2021) used the S-shape blade with a deflector to
enhance the performance. This enhanced the performance, and
the maximum power coefficient was 0.24. The self-staring of the
three-blade rotor is studied by Salleh et al. (2021) by installing
frontal guiding plates. Mohamed et al. (2021) optimized the

Wind Rotation

FIGURE 2 | Schematic shape of the modified design.
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position of the frontal guiding plates and its effect on the
Savonius turbine performance, and they concluded that the
guiding plates increased the maximum power coefficient to
0.31. Banerjee et al. (2014) studied the elliptic-bladed Savonius
turbine, and they found that the elliptic-bladed Savonius turbine
improved flow characteristics. The maximum power coeflicient
was enhanced by Banerjee (2019) to 0.25 using the elliptic-
bladed Savonius design. The elliptic-shaped Savonius turbine
was optimized by genetic algorithm techniques to optimize the
blade’s profile to maximize the turbine performance (Paul and
Banerjee, 2021a). An experimental investigation has been carried
out by Paul and Banerjee (2021b) to test the performance of
the elliptic-shaped Savonius turbine. A comparative study has
been introduced by Paul and Banerjee (2021c¢) to investigate three
different designs of Savonius turbines.

Within this work, the design is always treated in two
dimensions, since there is no geometrical change along the third
(vertical) direction (z-direction), and the coordinates are shown
in Figure 1. Improving the performance of the three-bladed
Savonius turbine is the main target of this study by different
designs. The main parameter in this study is how to reduce
the drag forces on the returning blades to reduce the negative
torque and redirect the flow to the advanced blade to increase
the positive torque, and the sequence increases the net torque
of the turbine. The innovation in this work is the reduction of
the negative torque by different designs such as movable parts in
the returning blade and the deflector. Besides the Introduction,
the outline of this study includes Materials and Methods which
consists of all the numerical analysis of the used model, domain
independence study, and mesh independence study. In Section 3,
the results and discussions of all configurations are introduced
after model validation. Finally, some qualitative and quantitative
conclusions are provided in Section 4.

2 MATERIALS AND METHODS

From the previous publication, it is noted that an accurate
computational fluid dynamic simulation of the aerodynamic
flow around the Savonius rotors is a complex and challenging
mission, fundamentally, due to the rotor’s deeply time-dependent
nature (Mohamed et al., 2008a; Mohamed et al., 2008b;
Mohamed et al., 2010; Mohamed et al., 2011). Additionally, a
strong separation around the blades plays a significant role
for turbine efficiency and the power output. Therefore, the
quality of the numerical simulations and the procedure should be
checked with great care. Then, the methodology sequence must
be validated and verified.

All aerodynamic flow simulations (which also denote
computational fluid dynamics (CFD)) introduced in the current
paper depend on the industrial software ANSYS Fluent 19.

2.1 Domain and Boundary Conditions

The suitable dimensions of the computational domain have
firstly been studied. It should be indeed investigated that these
dimensions do not affect the results of simulations. A domain
of size (square domain of dimensions 2L x 2L, normalized by
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FIGURE 3 | Computational domain and boundary conditions.

the turbine radius R, as shown in Figure 3) has been checked
in this step of the CFD computation. It is clear from Figure 3
that the last three larger domains lead to nearly fixed values, with
a variation of the output torque less than 1.13%. This indicates
the computational domain must extend at least over 20 times
the turbine radius in each direction. In the same domain, the
boundary conditions affecting the flow features are implemented
in the same Figure 3 in an inappropriate manner. The velocity
inlet and pressure outlet are governing the inlet and outlet of
the domain; however, symmetry is located on both domain sides,
and there is no effect of the blockage ratio. Finally, the employed
domain (L/R = 27) marked in Figure 3 has been retained for all
further rotor simulations in this work.

2.2 Turbulence Model and Discretization

The SIMPLE (Semi-Implicit Method for Pressure-Linked
Equations) algorithm is utilized to calculate the unsteady
Reynolds-averaged Navier—Stokes equation for pressure-velocity
coupling. Discretization of the aerodynamic flow parameters and
the turbulent values are utilized in the finite-volume formulation
with the second-order upwind scheme. The realizable k—& model
is used in this work as a turbulence model to calculate the flow
characteristics inside the domain. The realizable k—¢ model
is recommended for rotating bodies (Mohamed et al., 2010;
Mohamed et al., 2011). The realizable k—-e model usually provides
improved results for swirling flows and flows involving separation
when compared to the standard k-e model. The realizable k-¢
model has two differences than the standard k-e model. First, it
consists of a new formulation for the turbulent viscosity Cu. Cu
is not fixed as in the standard k-e model but a variable. Second,
the realizable k—¢ is a new transport equation for the dissipation
rate, &, which is derived from an exact equation for the transport
of the mean-square vorticity fluctuation. As a result, it mainly
improved predictions of several applications such as a superior
ability to capture the mean flow of complex structures and for
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flows involving rotation, boundary layers under strong adverse
pressure gradients, separation, and recirculation.
e Transport equations:

G G 2 #\ ok

Lok + L (pku)=2|(u+E) E | 1p

at(”)+axj(p ) axj[<”+ak>axj]+ ¢
+P,—-pe-Y, +S, (4)

0 ) 0 Y\ e
E(pe)+a—%(peuj)=a—xj|:<y+—>£]+pClSe

o, :
€ €
-pC, ———+C, .=C,.P,+S. (5)
P 2k+\/ﬁ ey wachh
where
C, = max [0.43, L] , E= Sk, S=4/2S; S, (6)
E+5 € vy

where S is the modulus of the mean rate of strain tensor.

In these equations, P, represents the generation of turbulence
kinetic energy due to the mean velocity gradients, calculated as
follows:

b= .utSZ (7)

P, is the generation of turbulence kinetic energy due to
buoyancy, negligible in our applications:

Ui 0T
P, = pg, -2 8
b=Fe Pr, ox; ®

where Pr, is the turbulent Prandtl number for energy and g; is the
component of the gravitational vector in the ith direction. The
default value of Pr, is 0.85.

The coeflicient of thermal expansion, f3, is defined as

1(9p >
=—( = 9
et ©)
e Modeling turbulent viscosity:
=pC, — (10)

While Cﬂ is constant in the standard k—e model, this coefficient
is calculated as follows in the realizable k- model:

1

C,= (11)

v *

Ayt A kU
U™ =1S; S;+Q; Q (12)
Q=0-2¢ o, (13)

and

Q:ﬁij—eijk w,, (14)

where 5,-]. is the mean rate of rotation viewed in a rotating
reference frame with the angular velocity w,. The model constants
A, and A, are given by

A,=4.04, A, =V6cos¢ (15)
where
1
== Ve w 16
¢ 3 arccos( ) (16)
S Six Ski
w=2L2- (17)
S
§=1/; S; (18)
S 1 auj Ju; (19)
72\ ox, axj

e Model constants:

0.=1.3 (20)

C.=144, C, =19, ¢,=10, o,

2.3 Sliding Mesh Method

During the simulation of the current design, two-dimensional
simulation is suitable (no geometry change in the third direction
when the turbine has an end plate); therefore, that extremely fine
and accurate grid can be utilized. Therefore, the sliding mesh
model (SMM) is employed in the current work in the rotating
zone, while the rest of the domain will be stationary. The sliding
mesh model is the most accurate methodology for predicting the
flow in multiple moving reference frames, but also computational
time demanding. In the sliding mesh methodology, two cell zones
are utilized. The mesh is generated in each zone independently,
and it is needed to merge the mesh sides prior to starting the
calculation. Each cell zone is bounded by one interface zone
boundary condition where it meets the opposing cell zone. The
interface zones of adjacent cell zones are associated with one
another to form a mesh interface. The two cell zones will move
relative to each other along the mesh interface. During the
simulation, the zones slide (rotating in this paper) relative to one
another along the mesh interface in discrete steps. As the rotation
occurs, cell alignment along the mesh interface is not required.
Since the flow is inherently unsteady, a time-dependent solution
procedure is required.

An interface boundary condition is employed as a link
between the stationary and rotating zones (see the domain in
Figure 4). The interface boundary condition is used to link
the stationary zone and the rotating zone. This link keeps the
continuous flow through the two zones without any blockage.

Four complete revolutions are always computed with a fixed
time step equivalent to half of one degree of the azimuth angle.
The first revolution is used to initiate the correct flow solutions.
The remaining three revolutions are employed to calculate the
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FIGURE 4 | Mesh around the three-bladed Savonius turbine.

turbine performance (in particular the power coefficient C, and
the torque coefficient C,,) by averaging the results of these three
revolutions. By checking the results, it should be noted that the
results are constant noticeably by further iteration with time.
Every revolution takes around 360 min on the normal PC of
computing time.

2.4 Mesh Independency

To complete the CFD setting accurately, the mesh independence
study has been executed to eliminate the effect of the mesh from
the results.

In Figure5, several 2D grids of increasing density and
quality, within the range of 6,000 up to 119,500 nodes, were
examined for the Savonius rotor. This study indicated that 100000
control volumes are appropriate to obtain accurate results of
the simulation. It is clear to note from Figure5 that a large
deviation of torque coefficient appears for the five coarsest grids.
However, all the remaining tested grids use more than 81,000
nodes which lead to a variance of the torque coefficient less than
1.4%. The acceptable mesh range between 86,000 and 95,000
nodes was retained in this work due to computation time of
the simulation which obviously will increase speedily with the
increasing number of grid cells.

2.5 Validation of the Computational
Procedure

Before investigating design modifications, the whole numerical
model was validated by comparing the current model results

with previous published experimental data (Hayashi et al., 2005)
for a conventional Savonius rotor. It is a comparison between
current numerical results of the three-bladed Savonius turbine
with a passage in between and experimental results of the
same conventional rotor (with a passage in between). After
this comparison, the current model results shown in Figure 6
demonstrate the excellent agreement obtained between the
present model results and the published experiment results for
this conventional configuration, at least for A > 0.3. It is clear in
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FIGURE 5 | Independence study of the mesh for the turbine performance
output.
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FIGURE 6 | Validation of the current model: torque coefficients (A) and
power coefficients (B), compared to experimental data (Hayashi et al., 2005).

Figure 6 that both the torque and the power output coeflicients
are extremely well predicted. As a consequence, it is now
possible to start the investigation of modifications of the Savonius
turbine.

2.6 Work Scenario

Recently, a modified rotor design of the three blades without
internal spaces between the blades was introduced by several
publications, to enhance the performance of the standard rotor.
After checking the performance of the three-bladed design
as a geometry different from the conventional turbine, two
attempts (opportunities) should be specifically studied in this
work; therefore, the work scenario will go through the following
steps:

1) In the elementary step, the performance of the three-bladed
design is studied and compared with that of the conventional
Savonius turbine.

2) The first opportunity is to improve the efficiency by using a
rounded deflector plate to reduce negative torque on the rotor.

3) The second opportunity is to increase the performance by
utilizing moving parts on the returning blades to reduce the
negative torque.

3 RESULTS AND DISCUSSIONS

3.1 Performance of the Three-Bladed

Design
In the primary step, the three-bladed design performance is
investigated and compared with that of the conventional Savonius
turbine. Therefore, we begin by considering the newly proposed
design compared to the conventional turbine.

Figure 7 presents a performance comparison between the
new design (known as the “three-bladed Savonius rotor without
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e .
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FIGURE 7 | Performance comparison between the new design and the
conventional Savonius rotor.
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e
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FIGURE 8 | Instantaneous velocity distribution (m/s) and pressure distribution around the three-bladed design.

passage”) and the standard Savonius rotor. Unfortunately, it
is clear from this comparison that the three-bladed Savonius
turbine without passage has less performance (torque coefhicient
and power coeflicient) than the conventional rotor. At low speed
ratios A, small differences appear; however, the difference is

increased extremely by increasing the tip speed ratio A. The
maximum value of C, is only 0.16 in comparison with 0.18 for
the standard rotor (with a passage in between) with the reduction
ratio equaling 11.1% based on the standard performance as the

reference. This deviation is noted through the whole operating
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range (from A = 0.4 to A = 1.4). By analyzing the aerodynamics
around the turbine, it is noted that the reason for this decrease
in the performance is the closing of the passage between the
blades, which leads to reduction in the incoming wind entering
the turbine as presented in Figure 8. Furthermore, there is
no effect of the number of blades on the reduction of the
performance.

3.2 Self-Starting Capability

Self-starting is essential for decentralized, low-power applications
as considered here. The investigation of the self-starting capability
is obtained by studying the static torque on a non-moving
turbine, varying the angle 0 (see Figure 1). Figure 9 shows this
static torque coefficient for the new design, as a function of

0.7 T T
T g BExp. K Irabu & J. Roy (2007)
0.6 — (conventional three blades Savonius)
’g . Current CFD results: ]
o 0.5 - Three-bladed
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e .
()
2 0.4
a: -
3
g 0.3 .
) .
=]
g 0.2
o § i
b 0.1
(7] . -
0
— Negative Torque (no self-starting)
-01 T T T | T I T

0 30 60 90 120
Rotation angle(0)

FIGURE 9 | Static torque coefficient for the three-bladed Savonius design.
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FIGURE 10 | Schematic illustration of the new design with movable parts of
returning blades.
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FIGURE 11 | Three-bladed turbine performance with and without movable
parts on the returning blades as well as the conventional Savonius rotor
performance. Top: torque momentum. Bottom: power coefficient.

the angle 6. For comparison, the experimental results of Irabu
and Roy (2007) for a three-bladed Savonius turbine are also
presented. It is observed that the new design leads to a large
modification of the static torque coefficient. As expected, the
static torque coefficient C,, for the three-bladed design has a
periodicity of 120° (three blades). The variation of the static
torque coeflicient over a revolution is very large. Concerning self-
starting capability, the three-bladed Savonius rotor does avoid
regions with a negative static torque coefficient which prevents
self-starting.

After studying the three-bladed Savonius turbine without
passage, it is clear that, in a standard configuration, the three-
bladed Savonius turbine without passage is less favorable than
the conventional Savonius rotor. Therefore, further modifications
are needed to increase the performance of this design. In
addition, in order to allow for meaningful comparisons, these
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FIGURE 12 | Instantaneous velocity vectors (m/s) around the new design with an open returning blade.

same modifications must also be considered for the conventional
design.

3.2.1 Drag Reduction of the Returning Blade

Some authors introduced some ideas to improve the performance
of the Savonius turbine by reducing the drag force on the
returning blade (Haddad et al., 2021; Mohamed et al., 2021). In
this paper, a unique idea is introduced to reduce the drag force
on the returning blade by employing mobile blade sections. The
movable parts will close, and the blade will return back to the
conventional blade and work as an advancing blade. On the

Rotation

Wind

VATV

FIGURE 13 | Schematic description of the modified design with a deflecting
structure.

Torque coefficient (Cm)

Power coefficient (Cp)

FIGURE 14 | Deflecting structure effect on the performance of the
three-bladed Savonius turbine.
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Velocity distribution

Pressure distribution

FIGURE 15 | Instantaneous velocity distribution (m/s) and pressure distribution around the three-bladed design unsing deflecting structure.

contrary, these movable parts will open when the blade rotates This innovative design which deals with the opening returning
and works as a returning blade to reduce the negative torque on  blade was studied numerically for several values of the speed ratio
the returning blade. This sequence is discussed schematically in ~ A. The blades consist of slits with a constant opening angle of
Figure 10. 30° inclined from the baseline of the local conventional blade
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direction. Figure 11 presents the performance comparison of
the new design (opening blade) with the conventional Savonius
turbine. The results indicate a significant enhancement of the
performance in comparison with that of the conventional
design.

It is clear that the improvement occurs for the torque and
for the power coefficient simultaneously. This gain is due to
the deep reduction of the negative torque on the returning
blade when the opening blade relieves the wind between the
slits as shown in Figure 12. This relief flow on the returning
blade reduces the drag forces on this blade, which leads to
reduction of the negative torque. In addition, some of relief wind
will flow back toward the advanced blade which enhances the
mass flow rate impinging this blade and increases the positive
torque as shown in Figure 12. The increase of the power output
coefficient accomplishes 0.0853 at A = 0.8. This means that a
relative enhancement of performance by value equals 35.9%.
However, this deviation is less after A = 1.0: it equals 19.3%. This
new design (opening returning blade) is extremely better than
the standard Savonius rotor. For instance, at A = 0.7, the relative
increase (gain) in performance equals 25.9%, but after A = 1.0,
the power coeflicient is identical approximately to that of the
conventional Savonius rotor with a passage in between. Actually,
experimental measurements are still needed on the wind-tunnel
laboratory, in order to quantify the drag coefficient for the opened
and closed configurations. At the end of this section, we can
conclude that opening the returning blade leads to a considerable
increase of performance for the new design. In addition, here, a
fixed opening angle of 30° has been tested, and maybe by studying
this angle, better values can be found. Furthermore, note that the
same modification could possibly lead to even better results for
the conventional Savonius turbine.

3.3 Influence of a Deflecting Plate

In the conceptual idea of the three-bladed Savonius turbine, a
deflecting structure with diameter 1700 mm is placed in front
of two counter-rotating turbines with a blockage ratio equal to
56.1% based on the new design as presented in Figure 13. This
blockage will redirect the flow toward the advanced blade and
cover the returning blade which leads to increasing the new
torque. All the dimensions and the positions of the deflector
and the turbines are illustrated in Figure 13. Due to the
deflection of the wind flow (45°) toward the advanced blade, the

range (range of speed ratio) is reduced by 19%. Furthermore,
the reduction in both the torque and power coefficients is
clear. Actually, the size and large radius of the deflector are
playing a main role in the reduction of the performance; this
means the rounded deflector redirects the flow away from the
advancing blade which leads to the reduction in the positive
torque as shown in Figure 15. In addition, high pressure zones
on the end points of the deflector have been detected due
to the interaction between the deflector and the blades. This
means the position of the deflector also should be studied and
optimized. Therefore, it can be concluded that the deflecting
structure is much too large in its present structure and some
optimization work is still needed for the position of the deflector.
Nevertheless, a companion study on the standard Savonius
turbine shows that such a deflecting plate might be very
beneficial, if placed at the right position; it is not sure that
such a geometry leads to an optimal performance. Therefore,
an optimization of this geometry based on splines should be
performed.

4 CONCLUSION AND RECOMMENDATION

This work investigates numerically a three-bladed Savonius
design based on the conventional Savonius turbine, but involving
three blades without a passage in between. Furthermore, a
deflecting structure and the possibility of opening the returning
blade were considered. This means that three different designs
were studied in this paper and compared with the conventional
three-blade Savonius turbine (with a passage in between).
After finishing this work, several conclusions are already
clear:

1) The three-bladed Savonius turbine (without a passage in
between) is by itself less efficient than the conventional
Savonius turbine (with a passage in between). It is noted that
the reduction has increased deeply by increasing the tip speed
ratio A. The maximum value of C, is only 0.16 in comparison
with 0.18 for the standard rotor (with a passage in between)
with the reduction ratio equaling 11.1%, and this deviation
is noted through the whole operating range (from A = 0.4 to
A =1.4). However, the self-starting capability is comparable,
but both torque and power coeflicients are systematically and
considerably lower.

performance of the counter-rotating turbines will be affected. ~ 2) By opening the returning blade, a considerable increase in
The effect of this rounded deflector on the total performance is performance can be observed. The new design becomes
performed. under such conditions more efficient than the conventional
Figure 14 presents a comparison between a three-bladed turbine. The increasing power output coefficient accomplishes
Savonius turbine as a base design and the turbines placed behind 0.0853 at A = 0.8. This means that a relative enhancement of
the deflecting structure. It is noted the performance of the performance by value equals 35.9%. However, this deviation is
new system of deflector is less than that of the base design. less after A = 1.0, and it equals 19.3%.
For example, at A = 0.7, the power coefficient has reduced from  3) This rotor with an opening returning blade is extremely
0.13 to 0.1 with reduction deviation equaling 15.4%, and this better than the standard Savonius rotor (with a passage
trend is repeated all over the operating range as shown in in between). For instance, at A =0.7, the relative increase
Figure 14. (gain) in performance equals 25.9%, but after A=1.0,
In addition, the operating range (range of speed ratio) of the the power coefficient is identical approximately to that
three-bladed turbine with a deflector is narrower than that of of the conventional Savonius rotor with a passage in
the three-bladed turbine without deflector, and the operating between.
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4) The proposed deflecting structure is too large and leads again
to a loss of performance. For instance, at A = 0.7, the power
coeflicient has reduced from 0.13 to 0.1, and this trend is
repeated for all speed ratios with reduction deviation equaling
15.4%, and this trend is repeated all over the operating
range.

Therefore, several recommendations can be given:

1) Itis at this point not clear if the three-bladed turbine is really
better than the conventional Savonius turbine. Both concepts
should be further investigated, before taking a final decision. In
particular, what would be the performance of the conventional
Savonius turbine with an open returning blade?

The deflecting structure used in the first design should be
reduced and modified to increase (and not reduce) the
performance.

The deflecting structure and the open returning blade have
a similar role for the system and are therefore not really
compatible which depends on the reduction of the returning
blade negative torque.

The possibility of optimizing the deflector size and opening
design will be further improvements in performance as far as
possible.

2)

3)

4)
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