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Abstract

The effect of installing a circular cylinder in front of the returning turbine blade in
increasing the sefffstarting capability of the Savonius wind turbine has been studied
experimentally by measuring the static torgue of the turbine at the angular position of the
rotor. The circular cylinder with a diameter relative to r)nb.*ade diameter diD = 0.5 is
installed at a distance corresponding to the blade diameter in front of the returning turbine
blade which is varied by 1.2 < §/D < 2.6. The experiments were carried out for Reynolds
number of Re = ,OOO, 136,000 and 175,000. The results showed that the presence of a
circular cylinder installed in front of the returning turbinfplade at a distance of 1.4 < §/D
< 1.8 was able to achieve the self-starting capability of the Savonius wind turbine as
indicated by the positive values of the turbine static torque at all blade angular positions.
The highest performance of the Savonius turbine self-starting capability is obtained at the
circular cylinder position §/D = 1.6.
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1. Introduction

Efforts to increase the use of wind power as a renewable energy source is a smart
decision and a reflection of environmental friendliness. Meanwhile, the exploration of
fossil energy sources which we all know is getting depleted, there will be many difficulties,
and besides that, it threatens environmental sustainability. The Savonius wind turbine,
which is a simple turbine, cheap and easy to manufacture is the right candidate to answer
the efforts to increase the utilization of wind energy above. Savonius turbines, which are

generally shaped like the letter "S", have a convex blade or returning turbine blade and




concave blade or is called advancing blade. This turbine works based on the different drag
forces that occur in the returning and advancing blades. Viewing from the wind direction, a
concave advancing blade has a higher drag coefficient than a convex returning blade. So
that the drag force acting on the advancing blade is higher than that acting on the returning

blade, this will provide positive torque and ultimately generate turbine power.
Since the performance of the Savon'bs turbine is the lowest compared to other

turbines, many studies have been conducted to improve the performance of the Savonius
turbine. In the last five years, there have been researchers such as; [1] to [8], where they
did a lot of study on the shape and the thickness of the turbine blades. Meanwhile, the
authors [9] to [13] concentrated more on overlapping the two blades or varying the number
of blades, or the authors [14] have studied the effect of end plates, a number of turbine
stages as well as various aspect rﬁos and overlap ratios of turbines. Furthermore, the
authors [15] have installed a flat plate in front of the returning blade to improve the
performance of the Savonius turbine. The purpose of installing a flat plate in front of the
returning turbine blade is to eliminate the drag forces acting on the returning blade. They
have claimed that the Savonius turbine equipped with the flat plate has a higher power
coefficient than conventional Savonius turbine. Likewise, the authors [16], by installing a
retaining plate in front of the returning blade, have succeeded in increasing the power of
the conventional Savonius turbine by 27.3% higher. The influence of the flat plate width
placed on the upstream of the returning blade was investigated by [17] and [18]
numerically and experimentally. They have claimed that, in this configuration, the plate
width and the Reynolds number have an important role to play in improving turbine
performance. Different from other researchers, the authors [19] and [20] have used a
circular cylinder to reduce the drag forces acting on the returning blade and to increase the
forces acting on the advancing blade, respectively. They have stated that the power
coefficient of turbine increase by 45‘0 [19] and by 17.3% [20], respectively. Then, their
compatriots from the Laboratory of Fluid Mechanics and Fluid Machinery, Department of
Mechanical Engineering, lnstituﬂ'eknologi Sepuluh Nopember, the authors [21] have used
an [-65° type cylinder installed in front of the returning turbine blade. They have found a

power coefficient increase of about 23.6% compared to conventional turbine.

For a different purpose, to reduce the drag force acting on a circular cylinder, the
authors [22] have used small circular cylinder or rod that is mounted on the upstream of a

larger circular cylinder. They have ensured that the existence of a rod at the upstream of
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the larger circular cylinder produces a 37 % reduction in total drag compared to the larger
circular cylinder in the single configuration. The authors [23] have also confirmed that the
presence of the rod mounted in front of the larger circular cylinder can cause the reduction
of the drag forces of the larger circular cylinder behind it. The authors [24] have compared
the use of small round cylinders and I-type small cylinders with varying cutting anglﬁas a
disturbance mounted in front of a larger cir%lar cylinder. They have proven that the I-type
cylinder with a cutting angle 0s = 65° is the most effective in reducing the drag force acting
on the larger circular cylinder behind it, among the small cylinders tested in their study.

The drag force reduction obtained is about 52% of the single cylinder.

The above studies inspire this study to use a circular cylinder installed in front of
the returning turbine blade to improve the Sawﬂ'us turbine performance. The goal of this
study is to enh the self-starting capability of the Savonius wind turbine by placing a
circular cylinder in front of the returning turbine blade. At a certain concentration of wind
direction to initiate the rotation of the Savonius turbine with a certain blade angle position,
it is possible that the drag force acting on the returning blade is higher than that of the
advancing blade. In this condition, the turbine rotation tends to reverse direction or gives
negative torque. It indicates that the turbine is losing its self-starting capability. Th'éloss of
self-starting capability can be reduced or even eliminated as much as possible by reducing
the drag force acting on the returning turbine blade at any angular position of the blade.
The interaction between the circular cylinder and the returning turbine blade behind it is
expected to cause at least two flow phenomena around the returning blade, i.e.: (i) the
pressure between the circular cylinder and the returning blade decrease while the pressure
behind the returning blade increases. It is as eviden(&l by [22], [23] and also [24] for the
downstream circular cylinder case. As a result, the pressure drag acting on the returning
blade is reduced, (ii) the shear layer detached from the circular cylinder will attach to the
returning blade surface. It disturbs the boundary layer on the surface of the returning blade
and triggers an accelerated transformation of the laminar boundary layer into a turbulé]t
boundary layer, as confirmed by [21]. It will delay the separation point, a.ﬁ as a result, the
wake formed behind the returning blade becomes narrower. It causes the drag force acting
on the returning blade to decrease. Reducing the drag acting on the returning blade is the
aim of this study, where the reduction of the returning blade drag is expected to make it
easier to start rotating the turbine and of course, imprOﬁ Savonius turbine performance.

The self-starting capability of the turbine is defined by measuring the static torque of the




turbine. It is as a function of the angular position of the blade, for the wind speed is varied
by 3.8 m/s, 7 m/s and 9 m/s, and the circular cylinder is mounted at a distance relative to

the blade diameter of 1.2 < S/D < 2.6.

2. Experimental Set-up

A schematic of the experimental set-up is presented in Figure 1. Where the
experiment was carried out in the open air, it is to simulate the real conditions, but certainly
not affected by outside winds. As a source of wind energy, an axial fan (type CKE SPV-
18) with a capacity of 125 m*min is installed at a distance of 3200 mm in front of the
turbine. A honeycomb is placed at 800 mm from the axial fan to eliminate the effect of

swirl flow from the fan, and also to maintain the uniformity of the flow.
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Figure 1. Experimental Set-up.

The turbine blades are made of plastic pipe, Polyvinyl chloride (PVC), with a
diameter (D) = 167 mm, a height (H) = 298 mm and a thickness (f) = 3 mm. The turbine
used in this study was different from that used by [21], where the turbine shaft which has a
diameter of (b) = 19 mm is solid, not hollow, as used by [21]. So, the turbine used is
relatively heavier and has a higher moment of inertia. As a result, it is relatively difficult to
rotate or requires more forces to start rotating, but it is even suitable for self-starting
turbine tests. The turbine is equipped with end-plates with a diameter of D, = 320 mm. The
circular cylinder is also made of PVC with a height () = 500 mm and a diameter of d = 83
mm which gives a d/D ratio of about 0.5. The distance of placing the circular cylinder in
front of the returning blade varies, where the ratio of the distance to the diameter of the

blade is 1.2 < §/D < 2.6.
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Fig. 2 (a). Schematic of placing a circular cylinder in front of the returning turbine blade, (b).

Schematic of static torque measurement (1. torque meter, 2. shaft, 3. bearing, 4. turbine, 5. test bench).

Figure 2 (a) shows a schematic placement of a circular cylinder in front of the return
turbine blade, where the distance S is measured between the circular cylinder axis and the
turbine axis. The wind velocity generated by the fan is varied of U = 3.8 m/s, 7 m/s and 9
m/s, which are Cﬁrespond to the Reynolds number (Re) of 74000, 136,000 and 175,000,
respectively. The Reynolds number is calculated based on the free stream velocity (U) and

the characteristic length (L), with L = 2D-b-2t.

In this experimental, the static torque of the turbineﬁ measured using a torque meter of
Lutron TQ-8800 type having a range of measurement of 0 to 147.1 N.cm and an accuracy
of £#0.1 N.em. This torque meter is plugged into the turbine shaft, as shown in the
schematic of static torque measurement, Figure 2 (b). Static turbine torque measurement is
done by first placing the turbine blade at the desired angle position, and a torque meter
plugged on the shaft. Then the air is flowed at the desired velocity, and the turbine is
maintain stopped (not rotating) so that the torque reading on the torque meter is expressed
as static torque of the turbine at the appropriate blade angle position. This turbine static

torque measurement is repeated for every 10° blade angle position from 0° to 360°.




3. Results and Discussion

The evolution of the static torque of the turbine (7;) without a circular cylinder as a
function of the position of the blade angle, for the Reynolds number variations of 74,000,
136,000 and 175,000 is presented in Figure 3. The Figure 3 shows, first; the trend is the
same for all three graphs, where the maximum static torque is obtained at a blade angle
position of about 30° and the minimum value at about 150°. Second, there are negative
static torque values for all the Reynolds numbers tested. This negative value means that the
drag force acting on the returning blade is higher than that of the advancing blade, causing

the turbine to tend to rotate reversed. It is called the turbine losing self-starting capability.
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Figure 3. Evolution of static torque as a function of blade angle position for turbine without circular

cylinder at varying Reynolds number.

Figure 3 also shows that the smaller the Reynolds number, the wider the area of
negative static torque, or in other words, the wider the area where the turbine does not have
the self-starting capability when the Reynolds number gets smaller. Where the area of the
static torque is negative in the range of the blade angle position (&) around; 60° < 8 <180°,
00° < B<170° and 120° < 8 <160° for Re = 74,000, 136,000 and 175,000, respectively. It is
clear that the smaller the Reynolds number means, the smaller the free stream velocity,

which means less wind kinetic energy comes to turn the turbine.




Figure 4, 5 and 6 presented W evolution of the static torque of the turbine with a

circular cylinder installed in front of the returning turbine blade at /D =12,14,1.6, 1.8,
20,22, 24, 2.6, for the Reynolds number variations of 74,000, 136,000 and 175,000,
respectively. In general discussion, it is important to note that the presence of circular
cylinder in front of the returning blade at any distance and any Reynolds number gives a
good tendency to increase the self-starting capability of the Savonius turbine. It is
confirmed by the negative values of static torque which tends to diminish due to the
presence of the circular cylinder, at any Re and any position of the circular cylinder
installed.
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Figure 4. Evolution of the static torque as a function of the angle position of the turbine blade with the
circular cylinder mounted at varying distances S/D for Re = 74,000.

Figure 4 shows that at Re = 74,000 the installation of a circular cylinder at any
distance in front of the returning blade still gives a negative value of the static torque area
even though it is narrowing from the original range of 60° < & < 180°, before the circular
cylinder installed, become 80° < @< 170 after installing the circular cylinder. It shows that
the turbine still does not have the self-starting capability at this blade angle positions. It is
most likely due to a low Reynolds number, which means low wind speeds and also gives

low energy, making it difficult for the turbine to start rotating.




When the nolds number is increased to Re = 136,000, it can be seen that the
installation of a circular cylinder at a distance of 1.4 < S/D < 1.8 results in positive static
torque values for all angular positions of the turbine blades, as shown in Figure 5. It means
the installation of a circular cylinder in front of the returning blade at this distance (1.4 <
S/D < 1.8) is very effective in making the turbine have a self—ﬁuting capability. Itis due to
the presence of a cylinder in front of the returning blade can reduce the drag acting on the
returning blade, thus making it lower than that acting on the advancing blade, so resulting
in positive torque. This decrease in drag force on the returning blade is due to, firstly, the
decrease in pressure on the area between the cylinder aﬁ the returning blade and the
increase in pressure behind the returning blade, so that the prea.lre difference between the
front and the back of the returning blade decreases and the pressure drag acting on the
returning blade also decreases. Secondly, at this S/D distance, the shear layer which
detaches from the cylinder attaches to the surface of the returning blade in the area of the
laminar boundary layer, accelerating the transition to the turbulent boundary layer. As a
result, the separation point is delayed so that the wake formed behind the returning blade is
narrowed and the drag force acting on the returning blade is reduced. These are confirmed
by [21].
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Figure 5. Evolution of the static torque as a function of the angle position of the turbine blade with the
circular cylinder mounted at varying distances S/D for Re = 136,000.
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Figure 6. Evolution of the static torque as a function of the angle position of the turbine blade with the
circular cylinder mounted at varying distances S/D for Re = 175,000.

Unfortunately, when the circular cylinder is installed at a distance of S/D = 1.2 and
S/D > 1.8, the turbine still has negative static torque, which is at a range angle of 130° <é
< 160°, even though this area is narrower than when without a circular cylinder installed. It
ﬁems that the distance of the circular cylinder installed in front of the returning blade has
an important role in increasing the self-starting capability of the turbine. Where if the
circular cylinder is placed too close to the turbine (S/D = 1.2) it is not sufficient to increase
the self-starting capability of the turbine. This is because, at a distance that is too close, the
low-pressure area formed between the cylinder and the return blade is too narrow so that it
does not have an impact on reducing the pressure pull acting on the return blade. Besides,
it is possible that if the cylinder is too close to the turbine, the shear layer that is detached
trom the cylinder attached to the surface of the returning blade is already in the turbulent
boundary layer area, so that it does not have a major effect on the flow behaviour in this
area, and the separation point is still in its position, and the width of wake formed behind
the returning blade is also unchanged. As a result, the drag force acting on the returning
blade does not change either. However, this assumption still needs further verification,
either through numerical simulations or direct measurements. Likewise, if the cylinder is

placed too far from the turbine (S/D > 1.8), the presence of the cylinder will not have much
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impact on the increase in turbine performance, this is because the cylinder and the turbine

are like two separate objects that do not affect each other.

In case then the Reynolds number is increased again to Re = 175,000 as shown in
Figure 6, it turns out that the performance of turbine is not too different, it even appears
that the self-starting capability of the turbine tested is slightly lower than that for Re =
136,000. Where, the negative value torque range is slightly wider, which is in the range of
130° < 8 < 160°.

Furthermore, it is important to note that fordl Reynolds numbers being operated, the
installation of a circular cylinder in front of the returning blade at a distance of 5/D = 1.6
provided the highest performance in enhancing the self-starting capability of the turbine
tested.

4, Conclusion

Thisstudy is expected to understand experimentally the role of a circular cylinder
installed in front of the returning turbine blade in enhancing the self-starting capability of
the Savonius turb'ﬁ. A circular cylinder with a diameter relative to the blade diameter d/D
= 0.5 is installed in ﬁont of the returning turbine blade at a distance relative to the blade
diameter ﬁrying of 1.2 < §/D < 2.6 for the Reynolds numbers (Re) = 74,000, 136,000 and

175,000. Based on the results discussed above, it can be concluded as follows:

- The presence of a circular cylinder in front of the returning blade at any distance and
any Reynolds number gives a good tendency to increase the self-starting capability of
the Savonius turbine. It is confirmed by the area of negative static torque which tends
to diminish.

- The distance between the cylinder and the turbine returning blade plays an important
role in enhancing the self-starting capability of the turbine. Where, if the distance is
too close (§/D < 1.4) or too far (S/D > 1.8) from the returning blade, the installation of
circular cylinders in front of the return turbine blade has no significant effect in
enhancing the self-starting capability of the turbine. In this study, the placement of a
circular cylinder at a relative distance of 1.4 < 5/D < 1.8 was effective in enhancing
the self-starting capability of the turbine. It is indicated by the positive value of the

static torque obtained at all angular positions of the blade.
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- Furthermore, the installation of a circular cylinder at a distance of S/D = 1.6 in front of

the returning turbine blade is most effective in enhancing the self-starting capability of

the turbine.
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