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Abstract: The vertical axis wind turbines such as Savonius rotor have many major advantages over the others in
view of operation and construction which make the rotor more attractive to small scale power applications
especially in the rural areas. This lead to some researches to conduct several experiments for investigation the
effects of geometrical parameters such as blade gap size, overlap and Reynolds numbers. In this study, we focus
on the flow field under unsteady conditions in a Savonius rotor and make clear the running performance by mean
of a numerical simulation. This study attempts to make a visualization of flow field around a Savonius blade by
solving governing equations using a CFD technique. However, the results provide a cohesive design tool that
provides invaluable insight into flow field that drives the blade while providing an adequate running
performance of the blade.
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1. Introduction

The vertical axis wind energy conversion
system (VAWECS) such as Savonius rotor
never become developed similar to horizontal
axis WECS, probably because of their low
efficiency. However, the Savonius rotor has
many major advantages over the horizontal
axis WECS in view of operation and
construction aspects [1-5]. These are its low
cut-in speed , high starting torque, simple
construction, and less expensive in fabrication
and maintenance, which made the rotor be
attractive to small scale power applications,
especially in rural parts of developing
countries.

The concept of the rotor was developed by
a Finish engineer, Savonius, who made a rotor
by cutting the flattener cylinders into the
halves along the centurial plane [6], and then
he moved the two semi-cylindrical surfaces
sideways along the cutting plane so that he
made the cross section resembled the letter
“S”. According to the literature the rotor has
been made by Savonius had a maximum
efficiency of 31% and for its prototype 37%.
However, some researchers who have
conducted experiments with Savonius rotor
have disagreed with the claimed efficiency [3,
4]. Therefore such different results lead the
other researchers to investigate the
performance of Savonius rotor subject the
some geometry and flow parameters, such as,
blade gap size, overlap, and Reynolds
numbers. These investigations included wind
tunnel tests, field experiments, and numerical
simulations.

Blade configuration such as aspect ratio,
blade overlap and gap, and the effects of
adding extensions, and plates, and shielding
were studied by [5-10] in wind tunnels.
Detailed field experiments have been
[2-5,11].
investigations from evaluating of performance

conducted by Numerical

characteristics and from flow visualization
have done by [12, 14].

In this study, we focus on the flow field
under a Savonius rotor and make clean the
running performance by mean of the numerical
simulation and the results are compared with
experimental data published in literature. The
variation of the torque and power coefficients
for a prescribed tip-speed ratio have been
calculated and compared with experimental
results

2. Geometry Configuration

Here, a Savonius rotor with thin blades in
the shape of Benesh profile is considered. This
profile selected because experiments show it
produce a high power coefficient in
comparison with other profiles [15]. Figure
(1a) shows the cross section of this rotor. As
shown in fig (1b) the basic geometry is defined
by the blade cord length, D, the blade overlap,
S, radius of rotation, R, and the angular
position of the blade, 0..

3. Governing Equations

The nature of the flow around a savonius
rotor can be considered as incompressible,
since the rotational frequency is low enough
[13]. The basic incompressible Navier-stoke in
non-rotating coordinate systems in non-
dimensional form are:

vW=0
5 TV.V(V)=-Vp+ V2V
)

Where V, is the velocity vector and Re is
the Reynolds number. By denoting fixed
coordinate system (X,Y) and the rotating
coordinate system (x,y) which rotates around
vertical axis with a constant angular velocity

of ®. Considering configuration of Fig (1b),
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then thus systems can be transformed to each
other by followings:

{x=Xcose+Ysin0 )
y=Xsinf@ +Ycos@ )

Where,0 is the angular position of rotating
coordinate system fixed the blade, by taking
the first time derivative of Eq. (2) has been
obtained:

{u=UcosG—Vsin9—wy 3)

v=Usin0 +VcosO + wx

Where (u, v) and (U, V) are the velocity
components in rotating coordinate and non —
rotating coordinate systems, respectively.
Using the transforms of Eqs (2) and (3), the
governing equations of (1) are expressed in the
rotating coordinate systems as:

ou  ov _

dx 6y_

Du a 1
——w?+20v=—"L+—Vu

Dt dx  Re
4 )
Dv a 1
~—w?-2wu=—-"L+_—Av

Dt dy Re

\

The boundary conditions associated with
the above governing equations are assumed to
be free stream condition and initially is zero).

4. Computational Method

To provide a knowledge concerning the
nature of the flow field around the rotating
blade, the above governing equations
associated with boundary and initial conditions
have been solved by CFD technique by using
ver. 6.0 of the fluent, software program. The
simulation was performed in a 2-D space
domain since the blade is inherently a 2-D
device. To do this the computation domain
including the rotating rotor and air around it is
divided into same small grids. The manner in
which the cells are arranged is shown in Fig.2.
The simulation model used the Reynolds-

stress turbulence model because the K-& model
cannot accurately simulate the follow
separation region that occurs at the tips of the
blades. Cochran et.al have shown that the
simulation model using k-¢ method predict a
strong vortex that the overall efficiency of
blade should rotate backward [14]. Therefore
the k-¢ model is wunreliable form this
application, and hence we use the Reynolds-
stress model. As show in Fig.2, the structure of
the cells used within the simulation model in a
non-uniform mesh not only the number of
cells is important, but also the orientation and
placement of the cells properly must be
defined. Experiments show that as the blade
rotates, there is a large increase in flow
velocity over a short time[], therefore in the
region of the blade walls and near the tip blade
there is a need for small cells, as shown in

Fig(2).

Simulations were performed using a grid
with a mesh size over 15000 cells and repeated
with a finer mesh featuring over 9718 cells,
and the obtained results were compared which
show the results matched closely. This
indicates that the obtained results with a mesh
over 9718 triangular cells are grid
independent. The simulation runs begin by
assuming that the whole computation domain
has initially a velocity same as the inlet.
Generally, the flow field around the blades
includes an accelerated flow region around the
blade edges and a low velocity wake behind
them[14], so to capture this phenomenon
accurately, the time step size used with this
simulations is chosen as 0.1 are performed
with marching time technique to establish a
general flow field around the rotor.

5. Results
Typical results associated with the

performance of the simulation are described
here. The overlap of 2 bunked blades

(% in Fig. (1) )is chosen as 0.33, correspond-
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ing to the maximum blade efficiency, and

assumed a tip speed ratio (l:]—w) as 1.1. Figure

0

(3) shows the instantaneous velocity vectors
and the mean velocity vectors and the mean
velocity contours for both the inner and outer
regions of the blade over 180° rotation. As can
be seen in beginning of the flow (zero angular
position), there is a very large region of flow
separation and re-circulation just aft of
maximum chamber location, which results in
large momentum loss during its operation, also
there is a small separated region at the upper
surface of the blade near the leading edge, but
the flow quickly reattaches after that.

Figure(4) is similar to Fig(3), but it is from
45° angular position which indicates an
increase if flow separation in the upper side of
the blade. However the amount of separation
in the lower side is reduced and ad shown in
Fig(5) at 90° angular position it is significantly
reduced which should results an increase in
rotor overall efficiency.

Figures (6) and (7) show the instantaneous
velocity vectors and the mean velocity
contours at 135° and 180° angular positions,
respectively. By a careful examination of these
figures it reveals that as blades passes from
90°angular position, there is a large flow
separation and re-circulation regions which
cause a loss of momentum which should result
in lower performance. An improvement id
expected when the rotor passes from 180°
angular position.

6. Conclusions

In this study, the flow field around a
Savonius rotor with Benesh blade is observed
by solving governing equations using CFD
software. However the results provides a
cohesive design tool that provide invaluable
insight into flow field that drives the rotor
while providing an adequate turning
performance of the rotor the obtained result

shoe that there is a large flow separation and
re-circulation regions in the upper surface of
the blade at downstream which cause in lower
performance of the rotor .
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Fig. (1): Geometry of a Savonius blade

e

Fig. (2): Grid of computational domain
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Fig. (3): Field flow around the blade and velocity vectors at various angular position
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