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Abstract: Wind energy is a valuable renewable resource that holds great potential for generating electrical power
through wind turbines. However, there is a lack of practical and cost-effective small-scale wind turbines designed
specifically for household usage. This study aims to address this need by focusing on the design and performance
analysis of a small-scale vertical Darrieus wind turbine tailored for household applications in Malaysia. The
objective is to propose an optimized turbine design that maximizes energy conversion efficiency. Computational
fluid dynamics (CFD) simulations using ANSYS Fluent software are conducted to evaluate the turbine's
performance, with the power coefficient (Cp) calculated at various tip speed ratios (TSR). Two 3D designs with
different blade configurations are developed using SolidWorks for the CFD simulations. The findings from this
study contribute to the design optimization and performance evaluation of vertical Darrieus wind turbines,
providing a sustainable and viable alternative for residential energy needs. This research addresses the pressing
demand for clean and affordable energy solutions in Malaysia and supports the transition towards renewable
sources.

Keywords: Small-scale wind turbine, vertical axis wind turbine, tip speed ratio, power coefficient,
household usage

1. Introduction

Malaysia is a country committed to reducing greenhouse gas emissions and achieving sustainability goals, has a
growing demand for electricity. To address this, there is a need to explore and utilize renewable energy sources. While
solar energy has gained significant attention, wind energy remains an underutilized resource, particularly at the
household level. Small-scale wind turbines designed specifically for household usage have the potential to contribute to
the renewable energy landscape in Malaysia. These turbines can be installed in various locations, including urban and
rural areas, and are well-suited for areas with low wind speeds. Incorporating wind turbines into residential properties
can reduce dependency on the grid, lower electricity costs, and promote energy self-sufficiency [1].

Wind turbines operate based on the principle of converting the kinetic energy from the wind into mechanical
energy, which is then transformed into electrical energy. Wind turbines consist of several key components, including
rotor blades, a rotor hub, a nacelle, and a tower. The design and functionality of wind turbines can vary, with different
types available for different applications. It is crucial to understand the underlying mechanisms of small-scale wind
turbines to ensure their effective design and successful deployment. Different types of wind turbines are available, each
with its own design and functionality suited for specific applications [2].

In this study, the focus is on the conceptual design and analysis of vertical axis wind turbines (VAWTS),
specifically the vertical axis Darrieus wind turbine. The vertical axis Darrieus wind turbine is characterized by its
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vertical orientation and curved blades. Unlike the more commonly seen horizontal axis wind turbines (HAWTS),
VAWTs have the advantage of being able to capture wind energy from various directions, making them well-suited for
locations with turbulent or changing wind patterns. The Darrieus design is one of the most popular types of VAWTs
due to its compact size, reduced noise levels, and ability to operate in low wind speeds.

2. Methodology

In this study, the performance evaluation of the two designed of small-scale wind turbine is conducted through a
simulation process using ANSYS Fluent software. The aim is to determine the highest power coefficient, Cp, achieved
by the Darrieus wind turbine with varying numbers of blades and different tip speed ratios, TSR. To accomplish this,
several steps are undertaken in the simulation process to compare the performance of two designs which is leading to
the selection of the optimal wind turbine design. To accomplish this, several steps are undertaken in the simulation
process.

2.1 Design of Darrieus Wind Turbine

The design of the small-scale wind turbine was developed using SolidWorks software 2022. The design process
involved extensive research and thorough examination of relevant literature to gain valuable insights and knowledge.
This comprehensive review of research literature played a crucial role in informing the design decisions and ensuring
that the wind turbine design aligns with established principles and best practices.

After careful consideration and evaluation of various wind turbine configurations, the helical type Darrieus wind
turbine was chosen as the focal point of this research. This design was selected due to its unique helical shape, which
offers several advantages in terms of aecrodynamic performance and energy capture. The helical configuration enables
the wind turbine to efficiently harness wind energy from various directions, making it suitable for diverse wind patterns
commonly encountered in different locations.

Fig. 1 and Fig. 2 below depict two different designs of small-scale wind turbines, each with a different number of
blades. These designs were developed using SolidWorks software, a powerful tool for 3D modeling and design. These
two designs showcase the versatility of small-scale wind turbines and the different options available for optimizing
energy generation. The choice between a three-bladed or two-bladed design depends on various factors, including the
wind conditions, power requirements, and desired performance characteristics for the specific application.

Fig. 1 - Darrieus wind turbine with two-bladed model designed in SolidWork software
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Fig. 2 - Darrieus wind turbine with three-bladed model designed in SolidWork software

2.2 Flow Simulation

The wind turbine blade design is created using SolidWorks software as the initial step of the computational fluid
dynamics (CFD) simulation. The blade drawing is saved in STEP format. Afterward, the surface is meshed, and
boundary conditions are defined. Any errors encountered during this process are displayed in the transcript. Once the
simulation model is developed and the mesh is created, the next step is to specify the physics and numerical solution
methods. Flow parameters are set, and the appropriate numerical scheme is selected. ANSYS FLUENT, specialized
software within ANSYS WORKBENCH is used as the flow solver for simulating fluid flow in complex designs.
Generating a suitable mesh is crucial for accurate results. Mesh generation has traditionally been a challenging aspect
of the analysis process due to the lack of fully automated techniques. Dedicated software programs are available for
mesh and grid generation, and proficiency in using these tools is essential. It is important to optimize the mesh size to
ensure ANSY'S Fluent can successfully simulate the analysis. An example of meshing a wind turbine with three blades
is shown in Fig.3.

800,00 (rarn)

Fig. 3 - Mesh generation for a wind turbine with three blades

3. Result

In the result part, the focus will be on the results obtained from the Ansys Fluent simulation, specifically
examining the performance of two different configurations of Derrius wind turbines with varying numbers of blades.
The simulation results will be thoroughly discussed and analyzed. The performance evaluation of these wind turbines
will primarily be based on the key parameters of tip speed ratio and rotor power coefficient. The inlet enclosure
experiences a typical wind speed of 5 km/h, while the outlet maintains a normal static pressure of 1.01325 Bars. The
rotational speed of the blades (RPM) is adjusted to achieve specific values of tip speed ratio ranging from 1 to 10.

3.1 Simulation Torque Result
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To calculate the wind turbine power in this simulation, the torques generated during the simulation need to be
recorded. By doing so, the torques obtained for each TSR (Tip Speed Ratio) result can be organized into a Table 1 for a
clearer visualization and analysis.

Table 1 - Torque generated in ANSYS and calculated rotor power

Tip Speed Torque Rotor Power
Ratio (Nm) W)
1 0.06 0.023
2 0.14 0.120
3 0.18 0.317
4 0.26 0.273
5 0.40 0.767
6 0.45 1.230
7 0.51 1.330
8 0.49 2471
9 0.46 2.490
10 0.39 1.773

The power output can be calculated using the formula:

Power Output (W) = Torque (Nm) x Angular Velocity (rad/s) (1)

Angular velocity () is related to The Tip Speed Ration (TSR) and wind speed as follows:
w =TSR % wind speed (m/s) (2)

In particular, the wind velocity in this simulation remains constant at 5 km/h, acting as the controlled variable. This
wind speed generates highest power output of 5.767 watt/hour over an area of 24.627 m?. It is noteworthy that the area
considered for wind power generation corresponds to the inlet area, which measures 9 m?. Furthermore, it is essential to
consider the air density, which is maintained at 1.225 kg/m?®. Thus, as part of the second objective, which involves
analysing the performance of the proposed wind turbine under specific wind conditions in Malaysia, the rotor power
coefficients of both the three-blade and two-blade wind turbines are recorded.

3.2 Simulation for Two-Bladed Darrieus Wind Turbine

Table 2 - Data for two-bladed of Darrieus wind turbine

Tip Speed Rotor Power Rotor Power
Ratio W) Coefficient
1 0.28 0.008
2 1.28 0.035
3 2.51 0.070
4 4.86 0.135
5 9.35 0.260
6 12.56 0.349
7 16.38 0.455
8 18.31 0.508
9 19.04 0.529
10 17.89 0.497

31



Afifah et al., Progress in Aerospace and Aviation Technology Vol. 3 No. 2 (2023) p. 28-36

Two-Blade Darrieus Wind Turbine
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Fig. 4 - Graph of rotor power coefficient against tip speed ration for two-bladed wind turbine

Upon careful analysis of the graph representing the performance of the Two-blade Darrieus Wind Turbine, several
key observations can be made. The graph illustrates the relationship between the rotor power coefficient and the tip
speed ratio, providing valuable insights into the efficiency and effectiveness of the wind turbine. One observation is
that the Two-blade Darrieus Wind Turbine demonstrates a peak rotor power coefficient of 0.529. This coefficient
represents the maximum level of power conversion achieved by the turbine within the tested operating conditions. With
an efficiency of 52.9%, the wind turbine effectively converts a significant portion of the kinetic energy from the wind
into mechanical power.

3.3 Simulation for Three-Bladed Darrieus Wind Turbine

The simulation of the three-blade wind turbine utilized the exact same settings and preparations as the two-blade
turbine. After conducting simulations for 10 different TSR values in ANSYS, the torque outputs were recorded in the
result component. The torque data for the three-blade design has been compiled and presented in the Table 3 below.

Table 3 - Data for three-bladed darrieus wind turbine

Tip Speed Rotor Power
Ratio Coefficient
1 0.016
2 0.069
3 0.149
4 0.345
5 0.478
6 0.549
7 0.510
8 0.437
9 0.355

10 0.205
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Three-Blade Darrieus Wind Turbine
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Fig. 5 - Graph of rotor power coefficient against tip speed ration for three-bladed wind turbine

The simulation results of the three-bladed Darrieus wind turbine provide valuable insights. The line graph shows a
consistent trend that aligns closely with findings reported by previous researchers. Notably, the turbine achieves a peak
rotor power coefficient of 0.549, indicating an impressive efficiency of 54.9%. One significant improvement is the
positioning of the peak and the overall gradient of the line, which has shifted towards lower Tip Speed Ratios (TSR).
This shift suggests enhanced performance at lower TSR values, highlighting the turbine's ability to generate power
efficiently under varying wind conditions. Furthermore, the observed trends in the graph closely resemble the findings
of previous studies discussed extensively in Literature Review. This consistency lends credibility to the accuracy and
reliability of the simulation results obtained in this study.

3.4 Comparing Result

To determine the optimal wind turbine for household use in Malaysia, a thorough comparison of simulation results
is essential. The performance of both the two-blade and three-blade Darrieus wind turbines is graphically presented
below for easy evaluation. Factors such as peak rotor power coefficient, efficiency, and other relevant parameters are
considered to identify the superior option. This analysis enables an informed decision regarding the wind turbine that
offers the highest performance and suitability for household applications in Malaysia.

Comparision of 2 and 3 Bladed WInd Turbine
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Fig. 6 - Comparison of two design wind turbines

Fig. 6 illustrates the comparison between the results obtained for the two-bladed and three-bladed Darrieus wind
turbines, specifically showcasing the relationship between the rotor power coefficient and the tip speed ratio. As
anticipated and supported by previous studies, notable differences are observed in both the peak values of the rotor
power coefficient and the overall behavior of the lines. Upon closer examination, it is evident that the three-bladed
wind turbine exhibits a slightly higher rotor power coefficient compared to the two-bladed counterpart.

However, what sets it apart is the achievement of this higher coefficient at lower tip speed ratios. This implies that
the three-bladed design demonstrates improved overall performance in terms of power generation efficiency. These
findings align with prior research and validate the advantages associated with utilizing a three-bladed Darrieus wind
turbine configuration.

The observed higher rotor power coefficient and the ability to attain it at lower tip speed ratios highlight the
enhanced performance and effectiveness of the three-bladed design. Based on these results, it can be concluded that the
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three-bladed Darrieus wind turbine is better suited for the intended application in this study. Its superior performance in
terms of rotor power coefficient and operating range make it the optimal choice for household wind energy generation
in Malaysia.

4. Discussion

The third objective of this study is to optimize the design of the wind turbine by determining the most efficiency
number of blades for household applications in Malaysia, with a specific focus on comparing the performance of a two-
blade and a three-blade Darrieus wind turbine under specific wind conditions. The wind velocity was maintained at a
constant 5 km/h, serving as the controlled variable. The power output of each turbine was analyzed using ANSYS, and
the rotor power coefficients were recorded as the key parameters.

The simulation results provided valuable insights into the performance of both wind turbine configurations. It was
observed that the wind velocity of 5 km/h generated a power output of 5.767 watts per hour (W/h) over an area of
24.627 m?, as discussed previously. The wind turbine's daily power output of 138.408 Wh can be of significant value to
various household applications in Malaysia. The table below provided acts as a reference for evaluating the total power
consumption of various household devices. By analysing the data from the table, the average daily energy requirement
of 19.973 Wh was calculated. This computation allows for an assessment of whether the wind turbine's power output is
adequate to meet the energy needs of the household devices listed in the Table 4 below.

Table 4 — kWh residential consumptions for a typical malaysian household [24]

Electrical Load No. of Appliances Power (W) Daily Average Usage (h) Total Hours Energy Demand (kWh),
Weekdays Weekends per Week
Air Conditioner 1 750 5.05 4.75 34.75 26.06
Tv 1 150 5.7 8.15 44.8 6.72
Iron 1 1000 0.53 0.46 3.57 3.57
Refrigerator 1 1200 8.11 8.11 56.77 68.12
Washing Machine 1 850 1.04 1.04 7.28 6.18
Lighting 5 180 5.67 5.45 39.25 7.06
Standing Fan 1 75 11.55 12.04 81.83 6.14
Rice Cooker 1 730 0.72 0.73 5.06 3.69
Kettle 1 850 0.48 0.44 3.28 2.79
Toaster 1 200 0.16 0.14 1.08 0.86
Blender 1 300 0.26 0.19 1.68 0.50
Hair Dryer 1 1125 0.09 0.05 0.55 0.62
Other Devices 300 3 5 25 1.5
Total Power 8310
Required
Total Weekly 139.81
Energy Required
Average Daily 19.973
Energy Required

The wind turbine generates 138.408 Wh of power per day, which is enough to power various household
applications in Malaysia. In comparison, the total energy needed to operate household devices, as shown in the table, is
only 19.973 Wh per day. This significant difference between the wind turbine's output and the energy required by
household devices means that the wind turbine can efficiently provide electricity for these devices. With a surplus of
118.435 Wh, the wind turbine can meet the daily energy needs of essential household activities.

The extra energy can be used to extend the operating hours of electrical devices, allowing for more extended usage
without relying heavily on conventional electricity sources. Storing the surplus energy can ensure a continuous power
supply even during times of low wind activity. Using wind energy for household needs promotes sustainability and cost
savings. By harnessing this renewable and eco-friendly energy source, households can reduce their dependence on the
traditional power grid and contribute to a greener environment.

5. Conclusion

The simulation conducted in this project to design a small-scale wind turbine for household usage has been
successful. The primary objective was to propose a wind turbine design specifically tailored for household applications
in Malaysia. Through extensive simulations using ANSYS Fluent, the performance of the proposed wind turbine was
comprehensively analysed under specific wind conditions in Malaysia.

The analysis of the obtained data reveals that wind turbines with a greater number of blades exhibit superior
performance for household applications. Specifically, the three-bladed Darrieus wind turbine demonstrated a
significantly higher rotor power coefficient compared to the two-bladed configuration. This advantage was observed in
achieving higher coefficients at lower tip speed ratios, highlighting the potential benefits of employing a three-bladed
design for wind energy generation in household applications.

Finally, this project has been successful in achieving its objectives and providing valuable insights into the
performance characteristics of two-bladed and three-bladed Darrieus wind turbines for household applications. The
results clearly demonstrate the advantages of utilizing a three-bladed design, showcasing its superior performance in
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terms of rotor power coefficient at lower tip speed ratios. These findings contribute to the advancement of wind turbine
design and optimization, enabling the development of more efficient and effective wind turbine systems for household
use.
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