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1. INTRODUCTION

The need for energy, especially electrical energy, has become critical in line with the increasing
population and rapid technological developments. Alternative energy sources, like renewable and ecologically
friendly energy sources, are being developed to meet the growing demand for electrical energy. This is because
conventional energy sources, like coal and oil, are becoming scarcer and cause more pollution. Renewable
energy sources widely available in every region are wind and water, which do not cause environmental
pollution and can be converted into electrical energy using wind turbines and hydrokinetic turbines connected
to generators. One of the best and most popular forms of renewable energy is wind energy, which has been
shown to help lower air pollution and slow global warming [1]. Savonius turbines are commonly used as wind
energy generators. This turbine has a simple construction and can utilize wind from all directions using the
drag principle. The performance of the Savonius rotor is influenced by flow, geometric parameters, and
operational conditions so changes will give different results [2]. Technically, several factors, such as
geometrical and operating state characteristics, affect the Savonius turbine's performance [3]. The Savonius
turbine performance can be increased by employing extra equipment in the turbine rotor assembly. It has been
demonstrated that the performance of Savonius turbines can be enhanced by employing a curtain, and Savonius
turbines can be enhanced by adding more equipment to the turbine rotor assembly [4]. On the other hand, wind
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turbine construction will become more difficult as more equipment is added [5]. Researchers have examined
and modified the rotor and blade of conventional Savonius turbines using various methods to improve turbine
efficiency. In areas with medium to high wind speeds, conventional Savonius blade turbines operate more
effectively. Meanwhile, areas with low wind speeds are suitable for the use of elliptical Savonius blade
turbines [6]. Compared to conventional blades, Savonius rotor wind turbines modified with blade combinations
show improved performance [7], [8]. Along with other changes and advancements to enhance the Savonius
wind turbine's performance, the installation of end plates at the end of the vertical turbine affects turbine
performance [9].

Water flows in open channels are one of the renewable energy sources that can be developed because
they are found in many remote areas and have not been reached by the electricity network. Hydrokinetic and
wind turbines work on the same operating principles except over varying speed ranges [10]. The mass of kinetic
energy of water as a result of its movement is called hydrokinetic energy. Water flow with a low head can
generate power using hydrokinetic turbine technology [11]. Fluid density, turbine rotor cross-sectional area,
and flow speed are the variables that influence a turbine's power [12].

The Savonius hydrokinetic turbine is one type of vertical-axis turbine that can produce electricity as
water flows through canals and rivers [13]. The mass of the hydrokinetic energy depends on its velocity
fluid [14] he estimated fluid density in a hydrokinetic turbine running at a rated velocity of 2-3 m/s is 1.223
kg/m?® for wind and 1,000 kg/m?® for water, respectively [15]. It is possible to use the modified Savonius
hydrokinetic turbine in rural settings with water velocity ranging from 0.3 to 0.8 meters per second [16].

Although hydrokinetic energy technology is relatively new compared to other hydroelectric power
generation technologies, the potential kinetic energy of river water flow based on the dispersion of water
velocity compared to river flow shows a more significant value [15]. Hydrokinetic turbines work similarly to
wind turbines but generate more electricity because water has a higher density than air at the same speed [17].
Free-flow turbines require large flow openings to collect as much water mass as possible at low speeds and
pressures, which is the main difference between these turbines and high-head turbines [18].

Hydrokinetic turbine power generation is mainly intended for rural use in locations far from the
existing electricity grid. The characteristics of the Savonius hydrokinetic turbine are better than those of
conventional hydro turbines due to its self-starting nature at lower flow rates [19]. Vertical turbines, such as
the Savonius turbine, are cheaper than horizontal-axis hydro turbines and require less maintenance when used
for small-scale power generation [20]. The Savonius hydrokinetic turbine presents a viable and sustainable
option for obtaining energy from river flows for isolated communities. It can operate at limited and shallow
water flows [3]. The kinetic energy of flowing water is transformed into mechanical energy by hydrokinetic
turbines, which power a generator to create electrical energy.

Hydrokinetic systems have emerged as a reliable technology in the field of renewable energy in recent
years [19]. One of the newest technologies to capture energy from moving water is the hydrokinetic
turbine [14]. However, a literature review reveals a need for more experimental research on river hydrokinetic
turbine footprints [21]. Differences in density and flow velocity for wind and hydrokinetic turbines will cause
differences in the resulting performance, even though they use the same turbine. Likewise, Savonius turbines with
different blades will also provide different performance values [8]. Therefore, a study is needed to analyze how
the same Savonius turbine rotor performs experimentally applied as a wind turbine and hydrokinetic turbine. The
results of the development of a conventional Savonius blade turbine rotor into a combination blade are analyzed
before being used as a hydrokinetic turbine rotor in irrigation channels with different airflow velocities.

2. METHOD
2.1. Rotor turbine configurations

The Savonius combined blade turbine is used as an energy-driving turbine, which will be tested
experimentally using wind energy and hydrokinetic, a development of the conventional Savonius blade model
to increase turbine efficiency [7]. he principle of the Savonius turbine is that the thrust of the blades on the
concave side (advancing blade) is greater than the torque on the convex side (returning blade) so that it causes
a rotating motion (rotation) in the turbine rotor. Increasing the distance from the center of rotation on the
concave side of the advancing blade will increase positive torque while decreasing the distance from the center
of rotation on the convex side of the returning blade will decrease negative rotor torque. The distance of the
force capture point from the center of rotation can be increased by using an elliptical blade model on the
concave side. The drag capture point is closer to the center of rotation on the convex side using the traditional
(semicircular) model than the elliptical model. Using different blade models between the concave side using
an elliptical model and the convex side using a conventional model, the combined blade model will provide a
more significant difference in moment compared to the same model based on the force capture point towards
the center of rotation. The Savonius turbine rotor used in the experimental test was made in the form of a 200
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mm diameter prototype, using overlap and end plates based on the rotor diameter size using a combined blade
rotor, as shown in Figure 1.

The combined blade shown in Figure 1. was constructed using an ellipse model, described by
Kacprzak et al. [22] as a concave side, and a standard blade model, described by Kamoji et al. [23] as a convex
side of a semicircle with a radius of R = 57.5 mm. Both models were selected because they have the exact
dimensions, especially the curved lines connecting the x-axis coordinate points (Figure 1(a)), namely A (- 15
mm; 0), B (50 mm; 50 mm), and C (- 100 mm; 0). The line connecting points A and B is a spline, and the line
connecting points B and C is a quarter-circle line with a R1 = 50 mm radius. From these points, the comb.
Once the diameter is known, the other rotor dimensions (Figure 1(b)) are determined based on the best ratio
value from previous research as in Table 1. The rotor prototype is made of aluminum plate, and the end plate
is made of acrylic with a thickness of 5 mm, without using a shaft in the middle. The shaft is placed on the
endplate using hubs at the top and bottom to support the rotor Figure 1(c).

Figure 1. Blade combined: (a) coordinate points, (b) rotor dimensions, and (¢) prototype rotor

Table 1. Dimensions of the prototype rotor blade combined

Parameters Relationship Value
Height of rotor (H) Aspect ratio (H/D) =1 200 mm
Endplate diameter (Do) Endplate ratio (Do/D) =1.1 220 mm
Overlap distance (e) Overlap ratio (e/D) = 0.15 30 mm

Chord blade distance (d)  Chord blade combined (D +€)/2 115 mm

2.2. Experimental setup

The experiment began with the preparation of the test equipment device. The experimental setup was
carried out by installing a Savonius turbine rotor prototype in a wind tunnel for testing as a wind turbine. In
contrast, for testing as a hydrokinetic turbine, the same rotor prototype was installed in an irrigation channel.
A two-blade turbine rotor prototype Figure 1(c) was installed on the test frame, a 15 mm diameter shaft outside
the blade was used as a support, and a pulley mount was used for torque measurement. The rotor shaft is
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supported by an axial bearing at the bottom and a radial bearing at the top. The diameters of the pulley and
rope are 30 mm and 3 mm, respectively, and a spring balance is used as a load indicator.

The wind turbine experiment used an open jet-type wind tunnel with a cross-sectional area of 300 x
300 mm (Figure 2) with a wind speed set at four m/s using an anemometer Lutron AM4206. To see the
performance of the rotor blade combined, a conventional rotor blade prototype with the exact dimensions was
also tested in a wind tunnel as a comparison. Meanwhile, the hydrokinetic turbine testing was carried out
directly on the irrigation channel with a surface area of 0.5 m (Figure 3) using a combination rotor blade
prototype at irrigation airflow speeds of 2.4 m/s and 2.5 m/s respectively, measured using Flowatch FL-03 with
an accuracy of 5%. After all the preparations and experimental setups were completed, testing was done by
measuring the maximum turbine rotor rotation (nmax). The next stage is to provide a load (F), which is the
difference between the ballast load (F1) and the spring balance (F2), to reduce the rotation every 50 rpm until
it stops rotating (n=0) or reaches the maximum load. The bearings are lubricated with multipurpose oil at the
beginning of data collection so that friction does not occur, which can reduce measurement accuracy, and
measurement of the load (F1 and F2) is carried out at each constant rotation with a reduction of 50 rpm using
a model-type tachometer (KW06-563) which has an accuracy of + (0.05% + 1 digit).
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Figure 2. The experimental apparatus wind tunnel
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Figure 3. The experimental apparatus irrigation canal

Experimental studies on the use of Savonius combined blade rotors as wind turbines and hydrokinetic
turbines were carried out in the same manner including procedures as in Figure 4. In general, the research
procedure is carried out as in Figure 4. The analysis of the turbine torque at each rotation using (1).

(Fy —Fz)(Rpulley+rrope)g

Tr = 1000 @)
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Figure 4. A flowchart for research

From the analysis of turbine torque based on the research results, the next step is to analyze turbine
power using (2)-(5). Power turbine power using (2).

Pr =Ty (Z;T_On) 2

The actual power and torque produced by a rotor can be decided by the coefficient power and the
coefficient torque. The coefficient of power is as (3).

C. = 2PT (3)

p paATV?

The coefficient of torque is as (4).

C 2TT (4)

™ plATVZR

The tip speed ratio (TSR) is the ratio of the rotor tip velocity to the flow velocity. Tip speed ratio as in (5).

TSR(L) = 2= 5)

.R
14

3. RESULTS AND DISCUSSION
3.1. Results

Experimental results show that the use of a Savonius turbine blade combined rotor can be used as a
turbine to generate wind energy and hydrokinetic energy. The Cp and Ct against the TSR are represented
graphically to show the results as in Figure 5. Figure 5 displays the Savonius wind turbine's experimental
findings with combination and conventional blades at a wind speed of 4 m/s, and the use of a combined blade
rotor as a hydrokinetic turbine in irrigation flows with different speeds. The Cp, when used as a hydrokinetic
turbine, produces the same tendency as a wind turbine, but there are visible differences in value due to
differences in fluid velocity and density. The maximum value of the Cp occurs at a lower TSR when using a
Savonius turbine as a hydrokinetic turbine.
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The hydrokinetic Savonius turbine is greatly influenced by the water flow velocity. A velocity
difference of 0.1 m/s will cause the TSR tendency to increase along with the increase in flow velocity, as shown
in Figure 6. As with Cp, the trend of Ct between wind turbine and hydrokinetic turbine is the same, flow
velocity affects it. Ct is better with lower TSR as shown in Figure 7.
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Figure 6. The Cp for each increase in velocity 0.1 m/s vs TSR

3.2. Discussion

In this experiment, two things were done, namely: 1) Modification of the Savonius rotor blade model;
and 2) The madified blade model (combined blade) was applied as a hydrokinetic turbine in the irrigation water
flow, as in Figures 5 and 7. The conventional Savonius rotor blade (half circle) modification is a combination
blade model between a conventional blade on the convex side and an elliptical model on the concave side as a
wind turbine, which was tested using a wind tunnel. In contrast, applying the combined blade rotor as a
hydrokinetic turbine was tested directly on the irrigation water flow.
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Figure 7. Comparison Ct vs TSR

The amount of power that the turbine extracts from the incoming water flow is described by Cp. In
contrast, Ct allows the turbine to generate power [11]. The results of testing through a wind tunnel as a wind
turbine with the same speed showed an increase in the performance of the combined blade turbine compared
to the conventional blade by 11% at TSR 0.79. This increase is because the combination blade has an increased
force point on the concave side so that it provides a better thrust moment compared to the force point on the
convex side so that the difference in the moment of force that occurs between the joyous moment and the
negative moment increases [4]. Another thing that affects the performance improvement is that the rotor is not
attached to the axis in the middle of the rotor so that it does not block the fluid flow through the overlap so that
it helps the force pushing the concave side of the return blade and reduces the inertia force of the turbine. Inertia
force affects turbine performance, while additional inertia force can reduce turbine performance [24].

The combined blade rotors tested as a wind turbine show increased performance and are applied as a
hydrokinetic turbine by utilizing water flow in open channels or irrigation. Efforts to improve turbine
performance are carried out by modifying the blade shape because the performance of the modified Savonius
hydrokinetic rotor depends on the blade shape factor [25]. The Savonius rotor is a combined blade model that
uses dimensions based on the rotor diameter with parameters selected from the results of the Savonius turbine
journal review (Table 1), which is expected to also perform better as a hydrokinetic turbine. This rotor is applied
and tested as a hydrokinetic turbine using the same method for irrigation flow.

The application of the Savonius turbine as a hydrokinetic turbine can function well and produce
performance that can be used as a source of electrical energy. The performance results of the Savonius
combined blade rotor as a hydrokinetic turbine are determined by the water flow velocity, although it has a
greater density. The irrigation water flow velocity is limited even though the water density value is greater than
the air density [15]. The Cp and Ct results of the Savonius turbine as a hydrokinetic turbine are still lower when
compared to using the Savonius turbine as a wind turbine and depend on the TSR. However, the potential of
the Savonius rotor as a hydrokinetic turbine needs to be developed because the irrigation water flow velocity
tends to be constant according to the available discharge and is suitable for energy development in remote areas
with abundant river flow and irrigation in rural areas. The hydrokinetic Savonius turbine system has the
potential to be applied to provide a sustainable and cheap energy supply in remote areas [3].

According to Figures 6 and 7, the hydrokinetic Savonius turbine shows a significant increase in Cp
performance and increasing water flow velocity and a decrease in (Ct) with increase tip speed ratio (TSR). At
the same time, the Ct value tends to increase with increasing load (decreasing TSR), as the results of
hydrokinetic research using the horizontal axis Savonius turbine [26]. Reduction in rotor rotation which affects
TSR due to the provision of a load to test the Ct value produced by the turbine. Hydrokinetic power generation
depends on water flow, directly related to the amount of water entering and leaving the river. Turbine efficiency
will decrease if the water flow rate is reduced [27]. So, using hydrokinetic turbines in the future is essential by
making efforts to increase the water flow rate in irrigation is widely available in rural areas.
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4. CONCLUSION

After conducting experiments regarding using a Savonius combined blade turbine as a wind turbine
and hydrokinetic turbine, it can be developed as a renewable energy generator based on the results of its
performance analysis. The performance of the combined blade wind turbine can increase the Cp by 11%
compared to conventional blades and the maximum (Cpmax) at TSR = 0.79. The use of a combined Savonius
blade turbine as a hydrokinetic turbine is limited by the water flow speed, even though the water density value
is higher. The results of the analysis of the difference in water speed in the test show an increase in the Cp
value of the turbine with a tendency to follow an increase in the TSR. The speed of water flow in irrigation
canals is more constant according to the available water discharge, so the development of hydrokinetic turbines
can be used as an energy generator in rural areas.
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