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The harnessing of clean energy from solar and wind constitutes the foremost renewable energy source in Indonesia. 
The amalgamation of these energy modalities holds the promise of heightened energy efficiency coupled with 
reduced maintenance expenditures. This investigation endeavors to synergize wind turbines with photovoltaic (PV) 
solar panels in a hybrid configuration, capitalizing on the turbulent effluent from the wind turbine system as a cooling 
medium for the solar PV panels. Further studies are needed regarding the Solar PV-Wind Turbine hybrid cooling 
system, as a system needs to be designed to optimize the direction of airflow from the turbine as a cooling medium 
for the solar PV panels without compromising the turbine's performance. Experimental-scale modeling is 
implemented in this study, introducing a flat winglet deflector configuration to refine and optimize the airflow dynamics 
traversing the turbine, directed towards enhancing the performance of the integrated solar PV-Wind Turbine hybrid 
system. The results showed that the installation of solar PV panels and the addition of a flat winglet deflector 
configuration could improve the performance of the turbine. The highest Cp and Ct values obtained were 0.18476 
and 0.66404 with an increased value of 21.74% and 20.56% respectively. Using the Taguchi method, the most 
optimal configuration for Cp is obtained for installing a PV solar panel with a height of 10cm with AoA for installing a 
flat winglet deflector of 5°. In the ANOVA analysis conducted, it is known that AoA has an effect of up to 71.57%, 
while the panel height has an effect of 24.69% with an error percentage of 3.73%. 

Keywords: solar PV, Savonius, twisted turbine, hybrid system 

1 INTRODUCTION  

Renewable energy sources still experience many problems in their utilization, one of which is the low efficiency 
produced due to the limitations of newly developed technology [1]–[4]. This is certainly a challenge for researchers 
to find the most appropriate solution to overcome these problems. One of the things that can be used to solve this is 
the integration of hybrid systems to be able to mutually eliminate the shortcomings of each stand-alone system [5], 
[6]. Because of this, the hybrid system is a promising solution to increase the efficiency of the utilization of renewable 
energy sources. However, there is a need for investigation regarding the effect of hybrid system integration on each 
stand-alone system performance. 
The utilization of hybrid systems has primarily been confined to augmenting energy output, enhancing overall system 
efficiency, and optimizing the functional application of said systems [7]–[9]. This phenomenon arises from various 
factors, including the challenges associated with accurately predicting energy production due to variables such as 
climate change, weather patterns, and other factors influencing the performance of renewable energy generators. 
This is particularly pertinent in the case of solar photovoltaic (PV) and wind turbine systems [10]–[12]. For instance, 
wind energy tends to be more abundant during winter, whereas solar energy availability increases during summer. 
Furthermore, during nighttime hours when solar energy sources are inactive, wind energy can compensate for this 
absence, providing a complementary energy source for continuous power generation [13], [14]. In this case, 
integration between solar PV systems and wind turbines can shorten the investment payback period by up to 2 years 
and can overcome instability and fluctuations in the power transmission system [15], [16]. Optimizing efficiency in the 
solar PV-wind turbine hybrid system requires rigorous consideration in selecting an appropriate configuration, 
encompassing meticulous choices in placement, system layout, and type of turbine. 
The integration of wind turbine technology as well as a cooling system in Solar PV can provide a variety of advantages 
and potential that are quite promising. In this case, the Savonius type Vertical Axis Wind Turbine (VAWT) which has 
advantages in system simplicity and ease of manufacturing process has good capability to be applied in a hybrid 
system configuration [17]–[19]. Besides being able to increase the production of energy [20], hybrid integration with 
a solar PV system can also utilize turbulent exhaust air from a turbine as a cooling medium for solar PV panels. 
However, there is a need for further studies related to this solar PV-wind turbine hybrid cooling system, this is due to 
the need to optimize the direction of the airflow passing through the turbine to be used as a direct cooling medium 
for Solar PV. 
Based on research conducted by Wong, Chong, Poh, et al. (2018), who carried out 3D CFD simulations on a vertical 
axis wind turbine with a flat plate deflector, it was found that under optimal parameter conditions it was able to produce 
a Ct value 47.10% greater than without using a flat plate deflector. In other experimental and simulation studies, the 
use of a flat plate deflector for testing H-rotor turbines was able to produce wind speeds 25% greater than the 
incoming wind [22]. Meanwhile, the research carried out Kuncoro et al. (2023), analysis of the hybrid twisted Savonius 
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wind turbine and solar PV system shows that the addition of a flat plate deflector is able to increase turbine 
performance by 10.32%, namely with a Cp value of 0.11678 [23]. In this case, the use of a deflector proved effective 
in improving both turbine performance and increasing the potential of the wind produced. However, further research 
is needed regarding the configuration of the deflector to improve the performance and capability of the turbine in a 
hybrid system with solar PV panels. 
In this case, the use of the Savonius type Vertical Axis Wind Turbine (VAWT) technology has the potential as a 
cooling medium when integrated in a hybrid manner with solar PV because it has a large enough cross-sectional 
area and can utilize wind energy in various directions (omnidirectional) so that it can optimally circulate air to cool the 
solar PV panels [24], [25]. By utilizing the drag force of the coming wind [26], The airflow that passes through the 
turbine blades can be manipulated and then directed to the solar PV panels to improve the cooling process of the 
system. In addition to the advantages previously described, this solar PV-wind turbine hybrid system still requires 
identification of placement or additional configuration of each component of the system. In addition to not interfering 
with the performance of both Solar PV systems and wind turbines [27], it also aims to obtain good cooling 
performance on Solar PV in order to increase its performance and efficiency. In this case, the PowerNEST 
configuration which uses a flat winglet deflector can increase wind speed by up to 1.4 times on the surface of the 
turbine, thereby significantly increasing wind energy output with an increase in power factor reaching 1.7 [28]. This 
provides the potential to maximize turbine performance while optimizing cooling on exposed solar PV panels. 
Considering various issues and previous research, the use of a deflector in the design of a Vertical Axis Wind Turbine 
(VAWT) system is an intriguing topic for further investigation regarding its impact on the performance of hybrid PV-
Wind technology. In this study, the performance of the wind turbine is the primary focus, analyzed to assess its effects 
through the installation of solar PV panels, incorporating adjustments and designs of flat winglet deflector 
configurations, taking into account the Angle of Attack. This ensures that the expelled airflow from the wind turbine 
can be utilized as a cooling system for the PV panels. Additionally, the research aims to analyze the most suitable 
height positioning between the PV panels and the wind turbine to achieve maximum energy efficiency while 
minimizing losses. 

2 METHOD 

2.1 Experimental Setup 

This research adapts the PowerNEST system which creates a hybrid system between solar PV and Vertical Axis 
Wind Turbine (VAWT) configured with a closed frame and equipped with louvers (flat winglet deflectors) [28]. In this 
case a frame measuring 1.2 m×1.2 m with a height of 2 m is used as a seat for the helix type Savonius turbine. This 
type of wind turbine is considered because it has better performance than the ordinary Savonius turbine [15]. This is 
because the helix-type Savonius turbine rotor has several parts of the surface exposed to the wind at every rotation 
angle. This generates a continuous positive torque that provides better performance than conventional rotors [29], 
[30]. The specifications of the Helix-type Savonius turbine used can be seen in Table 1. In addition, on top of the 
frame is a stand for the placement of solar PV panels which will vary the height distance from the turbine at 5 cm, 10 
cm, and 20 cm. At the front of the frame facing the blower is used as a seat for two flat winglet deflectors whose 
Angle of Attack (AoA) is varied at 5°, 10°, and 15°. The selection of Angle of Attack (AoA) variation is based on the 
results of a comparison between CFD simulations and experimental testing of the front wing installation in the C15 
wind tunnel, where it is known that the optimal Angle of Attack (AoA) ranges from 10° to 20° below the horizontal line 
[31]. In this case, the selection of AoA below 10° is also analyzed to determine its effect on the air flow to the turbine 
and the cooling performance of the solar PV panels. The blower here functions to simulate the wind speed coming 
towards the turbine. The type used is a YAMAMAX brand blower ventilator with a size of 10 inches and a power of 
350 watts. 9 units of blowers are used to create enough wind-sweeping area to test the turbine. Blowers are arranged 
in a 3×3 configuration and placed at a distance of 3 m from the turbine to obtain uniform flow [32]. In more detail, the 
experimental configuration layout carried out in this study is shown in Figure 1 below. 

 
Fig. 1. Experimental research layout configuration 
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Table 1. Vertical Axis Wind Turbine (VAWT) specifications for the Savonius Helix RC-200SV type [33] 
Model RC-200SV 
Start-up Wind Speed 2.5 m/s 
Cut-in Wind Speed 3.5 m/s 
Rated Wind Speed 12 m/s 
Survival Max. wind 45 m/s 
Number of Blades 6 
Rotor Diameter 0.44 m 
Blade Material Casting aluminum alloy 

In the experimental data collection carried out, the wind speed exposed to the turbine was measured at 9 
measurement points using an Krisbow Kw06-562 Flexible Thermo Anemometer as shown in Figure 2 below. This 
was done to obtain the average wind speed in the research experiments carried out. Then the Krisbow KW06-583 
digital tachometer is used to measure the rotational speed of the turbine with the measurement point at the base of 
the turbine shaft. In addition, the Prony brake system is used to determine the torque value of the turbine which is 
connected using a pulley [34]. 

 
Fig. 2. Schematic of the average wind data collection point 

In addition, the Prony brake system is used to determine the torque value of the turbine which is connected using a 
pulley [34]. In testing the prony brake, 5 load variables were used to get graphs of Cp vs TSR and Ct vs TSR, namely 
50 grams, 150 grams, 250 grams, 350 grams, 450 grams and 550 grams. In this case the 𝑇𝑇𝑇𝑇 (torque value, Nm) can 
be known by Equation (1) [34], 

𝑇𝑇𝑇𝑇 = 𝐹𝐹𝑒𝑒 × 𝑅𝑅𝑒𝑒     (1) 

Where 𝑅𝑅𝑅𝑅 (effective radius, mm) is determined from the pulley radius plus the rope radius. Meanwhile, 𝐹𝐹𝑒𝑒 (effective 
forces, N) defined from the Equation (2), 

𝐹𝐹𝑒𝑒 = 𝐹𝐹𝑠𝑠 − 𝑤𝑤     (2) 

In this case, 𝐹𝐹𝑠𝑠 (N) is the reading on a digital scale when the pulley is turned counterclockwise and 𝑤𝑤 (gram) is the 
weight of the load. 

2.2 Performance Analysis 

In this study, wind speed exposed to the turbine, turbine rotor rotation, and torque determination using the Prony 
brake system are the reference data in analyzing the performance of the hybrid system being developed. The 
theoretical basis of the wind energy conversion system in the Savonius turbine is explained as follows [7], [34], [35]: 
The potential of available wind energy and exposure to turbine blades in this experiment can be determined by the 
following Equation (3), 

𝑃𝑃0 = 1/2𝜌𝜌𝜌𝜌𝑉𝑉3    (3) 

𝑃𝑃0 is the power available from the wind (Watt), 𝜌𝜌 is the density of air (kg/m3), 𝜌𝜌 is the cross-sectional area of the 
turbine (m2), and 𝑉𝑉 is the wind speed (m/s). On the other hand, the power generated from the turbine can be 
determined by the following Equation (4), 

𝑃𝑃 = 𝑇𝑇 × 𝜔𝜔     (4) 
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𝑃𝑃 is turbine power (Watt), 𝜔𝜔 is the angular speed (rad/s) and 𝑇𝑇 is the torque value (Nm) which can be known by 
Equation (5) as follows, 

𝑇𝑇 = 𝐹𝐹𝑒𝑒 × 𝑅𝑅𝑒𝑒     (5) 

𝑅𝑅𝑅𝑅 (effective radius) is determined from the pulley radius plus the rope radius (mm). While effective force (𝐹𝐹𝑒𝑒) defined 
from Equation (6) below, 

𝐹𝐹𝑒𝑒 = 𝐹𝐹𝑠𝑠 − 𝑤𝑤     (6) 

𝐹𝐹𝑠𝑠 is the reading on a digital scale when the pulley is turned counterclockwise (gram) and 𝑤𝑤 is the weight of the load 
(gram). 𝜔𝜔 is the angular speed (rad/s) which can be determined with Equation (7) below, 

𝜔𝜔 = 2𝜋𝜋𝜋𝜋
60

    (7) 

𝜋𝜋 is pi (3.14) and 𝑁𝑁 is the rotational speed of the rotor (rpm).  
The comparison of the power generated by the turbine (𝑃𝑃) with the available wind power (𝑃𝑃𝑜𝑜) can be defined as a 
power coefficient (𝐶𝐶𝑝𝑝) with the equation as shown in Equation (8) below, 

𝐶𝐶𝑝𝑝 = 𝑇𝑇𝑇𝑇
1
2𝜌𝜌𝜌𝜌𝑉𝑉

3    (8) 

In addition, the comparison of the actual torque generated by the rotor at a certain wind speed is represented as the 
torsion coefficient (𝐶𝐶𝑇𝑇) can be determined with Equation (9) below, 

𝐶𝐶𝑇𝑇 = 𝐶𝐶𝑃𝑃
𝜆𝜆

     (9) 

𝜆𝜆 is the tip speed ratio (TSR) which can be determined using Equation (10) below, 

𝜆𝜆 = 𝑅𝑅𝑇𝑇
𝑉𝑉

= 2𝜋𝜋𝜋𝜋𝑅𝑅
60.𝑉𝑉

    (10) 

Where 𝑅𝑅 is the rotor radius (m). 

3 RESULT AND DISCUSSION 

3.1 Experimental Data Collection 

Based on the results of the research experiments that have been carried out, test data were obtained from three 
variations of the Angle of Attack (AoA) on the installation of the flat winglet deflector, namely 5°, 10°, and 15°. In each 
AoA variation test, data were obtained for each variation in height from the installation of solar PV panels with a 
distance of 5 cm, 10 cm, and 15 cm. In collecting data for each AoA variation, the wind speed exposure to the turbine 
is measured as shown in Figure 2 to determine the average wind speed. Furthermore, turbine rotor rotation speed 
data and Prony brake readings are used to determine the amount of power produced by the turbine, tip speed ratio 
(TSR), power coefficient (Cp), and torsion coefficient (Ct) which are further analyzed in each configuration variation. 
done. In each data collection, it was repeated three times to obtain the average data.  
3.2 Turbine Performance on Flat Winglet Deflector Configuration 

Based on data collection that has been carried out on variations in the installation of flat winglet deflectors with AoA 
5°, it is obtained that the average wind speed that exposes the turbine is 4.81 m/s. There is an increase in average 
airspeed at each altitude variation that is applied starting from 0.1-0.2 m/s. The highest average airspeed was 
obtained at a height of 10cm with a speed of 5.04 m/s, while at a height of 15cm, the average airspeed again 
decreased to 4.86 m/s. In this result also obtained the highest Cp value of 0.18476 at a TSR of 0.27390 which was 
obtained at the height of the solar PV panel with a distance of 10cm. In addition, the highest Ct value was obtained 
at 0.67456 which was obtained at the same height. The results of testing with the AoA 5° variation in the form of 
comparison graphs of Cp vs TSR and Ct vs TSR are shown in Figure 3 below.  
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(a) 

 
(b) 

Fig. 3. The relationship between the height of the PV panel and the turbine system at values (a) Cp vs TSR and (b) 
Ct vs TSR at AoA 5° Flat Winglet Deflector Configuration 

Then in the data collection carried out on variations in the installation of the flat winglet deflector with AoA 10°, the 
average wind speed value that exposed the turbine was obtained at 4.73 m/s, this has decreased compared to AoA 
5° of almost 0.1 m/s. In this result, the highest Cp value was obtained at 0.15513 at a TSR of 0.28670 which was 
obtained at the height of the solar PV panel with a distance of 10cm. In addition, the highest Ct value was obtained 
at 0.54110 which was obtained at the same height. The results of testing with a 10° AoA variation in the form of 
comparison graphs of Cp vs TSR and Ct vs TSR are shown in Figure 4 below. 
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(a) 

 
(b) 

Fig. 4. The relationship between the height of the PV panel and the turbine system at values (a) Cp vs TSR and (b) 
Ct vs TSR at AoA 10° Flat Winglet Deflector Configuration 

Furthermore, in the data collection carried out on variations in the installation of flat winglet deflectors with AoA 15°, 
the average wind speed value that exposed the turbine was obtained at 4.62 m/s, this has decreased compared to 
AoA 5° of almost 0.2 m/s s and about 0.1 m/s when compared to AoA 10°. In this result, the highest Cp value was 
obtained at 0.14745 at a TSR of 0.26537 which was obtained at the height of the solar PV panel with a distance of 
10cm. In addition, the highest Ct value was obtained at 0.55566 which was obtained at the same height. The results 
of the test with the AoA 15° variation in the form of comparison graphs of Cp vs TSR and Ct vs TSR are shown in 
Figure 5 below. 

 

0,00
0,02
0,04
0,06
0,08
0,10
0,12
0,14
0,16

0,00 0,10 0,20 0,30 0,40 0,50

Cp

TSR

Without PV 5 cm PV Height 10 cm PV Height 15 cm PV Height

0,00

0,20

0,40

0,60

0,80

1,00

1,20

0,00 0,10 0,20 0,30 0,40 0,50

Ct

TSR

Without PV 5 cm PV Height 10 cm PV Height 15 cm PV Height

http://www.engineeringscience.rs/


Journal of Applied Engineering Science 

Vol. 22, No. 1, 2024 
www.engineeringscience.rs 

 

 
publishing 

 Miftah Hijriawan et al. - Performance analysis of 
flat winglet deflector on hybrid solar PV-wind 
turbine system: case study on twisted Savonius 
turbine 

 

75 

 
 (a) 

 

(b) 

Fig. 5. The relationship between the height of the PV panel and the turbine system at values (a) Cp vs TSR and (b) 
Ct vs TSR at AoA 15° Flat Winglet Deflector Configuration 

3.3 Turbine Performance Analysis on Hybrid System Configuration 

Based on the wind speed measurement data that exposes the turbine, it can be seen that the application of the flat 
winglet deflector can increase the wind speed by 0.1 m/s to 0.3 m/s. This is due to the venturi effect that occurs due 
to the installation of the deflector to increase the resulting wind speed [36]–[38], where the highest increase in wind 
speed was obtained at AoA 5°. In this case, the increase in AoA affects the resulting decrease in wind speed. It can 
be seen that for every 5° addition to AoA, the wind speed decreases by 0.1-0.2 m/s. The increase in AoA on the flat 
winglet causes an increase in the induced drag that arises thereby reducing the speed of the air produced [39], [40]. 
From the data obtained from the three variations of AoA at 5°, 10°, and 15°, it can be seen that the performance of 
the turbine without installing solar PV panels has the lowest average performance compared to the performance of 
turbines with installing solar PV panels at various height variations. In this case, the installation of solar PV panels 
produces an augmented effect such as the endplate of the turbine [41], [42]. The performance comparison graphs 
on Cp and Ct produced on the bare turbine with each variation are shown in Figure 6 and Table 2 below. 
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(a) 

 

(b) 

Fig. 6. Performance comparison of the system with the reference (a) Cp and (b) Ct  

Table 2. Performance Improvement of Savonius Helix Type Wind Turbine with Flat Winglet Configuration 

Variation AoA Cp Improvement Ct Improvement 
Bare 0.14459 0.00% 0.52751 0.00% 

5° 0.18476 21.74% 0.66404 20.56% 

10° 0.15513 6.80% 0.53463 1.33% 

15° 0.14745 1.94% 0.55323 4.65% 

3.4 Optimum Configuration Analysis 

The variation in the height distance of the PV solar panel and the AoA from the installation of the flat winglet deflector 
influences the value of Cp and Ct produced by the turbine. In this case, the highest Cp value is 0.18476 with an 
increase of 21.74% which is obtained at the height of the solar PV panel with a distance of 10cm with an AoA variation 
of 5° and the highest Ct value is 0.66404 with an increase of 20.56% obtained at the same height and variation of 
AoA. In the resulting Cp analysis, it can be seen that at a height of 10cm solar PV panels with AoA on a flat winglet 
deflector installation of 5° is the best configuration to produce the most optimal Cp performance based on the results 
of Taguchi analysis as shown in Figure 7 below. 
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(a) 

 

(b) 

Fig. 7. (a) Main Effects Plot for Mean dan (b) Main Effects for SN ratios of Taguchi Method Analysis 

The Analysis of Variance (ANOVA) carried out on each variable tested in the study, shows that each of the variations 
in the height of the installation of solar PV panels and AoA from the installation of flat winglet deflectors shows 
significant results, with respective F values of 0.017 and 0.002. On the other hand, the AoA variation shows a greater 
influence on the results of the research conducted, which is 71.57%, while the height of the solar PV panels shows 
an effect value of 24.69% with an error value of 3.73% as shown in Table 3 in below. 

Table 3. Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value Contribution  

AoA 2 0.000881 0.000440 38.32 0.002 71.5678% 

Height 2 0.000304 0.000152 13.22 0.017 24.6954% 

Error 4 0.000046 0.000011 
  

3.73679% 

Total 8 0.001231 
   

 

4 CONCLUSIONS 

This study explores the synergistic effects of integrating solar photovoltaic (PV) panels with a Savonius-type helix 
wind turbine. The investigation includes an analysis of the impact of varying the placement height of solar PV panels 
and the incorporation of a flat winglet deflector on the system's configuration. The deflector, characterized by different 
Angle of Attack (AoA) settings, demonstrated notable improvements in turbine performance. The highest attained 
values for the Coefficient of Power (Cp) and Coefficient of Thrust (Ct) were 0.18476 and 0.66404, respectively, 
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representing enhancements of 21.74% and 20.56% at a 5° AoA with a panel height of 10cm. The observed 
performance enhancement is attributed to the solar PV panels acting as an augmented device, similar to an endplate, 
restricting wind escape at the turbine bucket's end. Consequently, this restriction elevates air pressure, leading to 
improved turbine performance. Simultaneously, the installation of a flat winglet deflector generates a venturi effect, 
intensifying the airflow directed towards the turbine. Utilizing the Taguchi method, the optimal configuration for Cp is 
identified, with a solar PV panel height of 10cm and a 5° AoA for the flat winglet deflector. An analysis of variance 
(ANOVA) indicates that AoA has a more pronounced influence, contributing 71.57%, while panel height contributes 
24.69% to the overall system performance, with an error percentage of 3.73%. From the system modeling that has 
been conducted, it is expected to become an innovation in hybrid PV-wind technology, which has the potential to be 
applied on roads by harnessing the wind energy generated by passing vehicles as a driver for vertical wind turbines 
to create renewable energy. 
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