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Abstract

The diffuser can increase air velocity in wind turbines by utilizing pressure differences, particularly
in small-scale wind turbines. However, some previous research still uses a simple diffuser shape. One
alternative diffuser shape is using the airfoil, the wortmann Fx 63-137 airfoil has high lift, exhibits
soft stall characteristics, and has excellent overall performance. This study aims to analyze the wind
velocity and wind power output generated by an airfoil-based diffuser. Aerodynamic simulations
were used with an inlet wind speed of 5.6 m/s. The diffuser has a diameter of 1020 mm, with length
to diameter ratios of 0.1,0.137,0.221, and 0.371, with angles of attack from 0° to 8°in 2° increments.
The results show that the diffuser 0.371 ratio at an 8° angle of attack achieved the highest wind
speed of 10.22 m/s, it generate 513 watts. Conversely, the lowest wind speed was observed with a
0.1 ratio at an 8° angle, where the velocity reached 6.58 m/s, producing 137 watts of wind power.
Those findings indicate that diffuser length is directly proportional to wind velocity. However,
variation in the angle of attack result in maximum wind velocity at specific angles, and wind power
output is directly proportional to wind velocity.
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INTRODUCTION

Wind energy originates from the movement of air and temperature changes on the
surface of land and sea. Generally, wind speed varies depending on topography,
geography, and season [1]. Wind energy is considered a clean and environmentally
friendly energy source because it does not produce carbon dioxide (COz), and wind does
not generate harmful waste for the environment [2]. One of the technologies used to
convert wind energy into mechanical energy is wind turbines, which have been widely
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implemented in various regions to generate electricity (wind farms) [3], [4], as well as for
other needs. The design of wind turbines heavily considers the aerodynamic aspects of
their blades to achieve optimal aerodynamic performance [5]. However, for modern wind
turbines, the focus is not only on blade aerodynamics but also on enhancing the available
wind energy. One way to achieve this is by incorporating a diffuser into the wind turbine
system [6]. Therefore, to increase the power output of wind turbines, especially in small-
scale applications, DAWT (Diffuser Augmented Wind Turbine) technology, also known as
Wind Lens, is utilized [7].

The operating of Diffuser Augmented Wind Turbine (DAWT) is based on the
principle of creating a pressure difference between the outer and inner sections of the
diffuser [8]. Essentially, a diffuser is an aerodynamic funnel-shaped structure designed to
enhance the power output of a wind turbine by utilizing the air that flows into it. This is
achieved through the pressure difference, which creates a suction effect [9]. Wind
turbines equipped with diffusers can significantly increase wind speed [10]. Among the
various diffuser designs, the airfoil-shaped diffuser has garnered considerable attention
due to the numerous possibilities it offers researchers [11].

The airfoil design creates lift, enhancing airflow through the diffuser [12]. This lift
force is also utilized for various applications beyond diffusers, such as in wing and
propeller designs [13]. Airfoil design has advanced significantly over time and has
undergone numerous modifications. Generally, airfoils are optimized to reduce drag and
increase lift. Most of these optimizations have been carried out numerically with the help
of CFD (Computational Fluid Dynamics) simulations [14].

Research related to wind turbine diffusers has been conducted by Yuji Ohya and
Takashi Karasudani [15], who investigated the power output generated by wind turbines
equipped with a diffuser and an additional plate called a "Brim" at the rear. The Brim is
designed to create a low-pressure area behind the diffuser. Ohya and Karasudani [15]
used a ratio to evaluate the diffuser, specifically comparing the length of the diffuser to
the diameter of its throat. The diffusers were divided into four types based on this ratio:
Type Co with a ratio of 0.1, Type Ciwith a ratio of 0.137, Type Cii with a ratio of 0.221, and
Type Ciii with a ratio of 0.371. The results showed an increase in the rotational speed of
the wind turbine due to the diffuser. The wind speed is directly proportional to the length
of the diffuser; the longer the diffuser, the greater the wind speed increases [15]. With the
same objective, research on diffusers was also conducted by Toshio Matsushima etal. [16]
Their study used a diffuser with a diameter of 1 meter and lengths ranging from 2 to 4
meters, tested at various angles of attack from 0 to 12 degrees. The findings indicated that
increasing the length of the diffuser enhanced wind speed. However, as the angle of attack
increased, wind speed improved 6 degrees but decreased to 8 and 12 degrees [16].
Despite these advancements, the research by Yuji Ohya et al.[15] and Toshio Matsushima
et al.[16] was limited to simple diffuser designs. This study aims to investigate diffusers
with airfoil geometry, exploring various length-to-diameter ratios and angles of attack to
enhance performance.

Numerous studies have been conducted on Wind Lens/DAWT technology, with
researchers such as Mithil et al. [17] and Koichi [18] Several studies have also been
conducted in Indonesia, contributing to the field, including research by Yeni Putri
Andriyani and Ketut [19], Evi et al. [20], and Fatahul et al. [21]. Such research is essential
to develop the potential of wind energy available in Indonesia. Therefore, the purpose of
this study is to determine the wind velocity at the throat of the diffuser for various lengths
and angles of attack using simulation methods with Ansys Fluent. The goal of this research
is to determine the wind velocity levels and power output produced by different types of
airfoil-based wind turbine diffusers.
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METHODS AND ANALYSIS

Ohya and Karasudani [15] investigated the effect of diffuser to its length on wind
velocity. Their findings showed that diffuser length can increase incoming wind speed. In
their study, the wind speed within the diffuser was analyzed with various length
variations, as shown in Table 1, using a diameter of 1020 mm. On the other hand, research
related to diffusers was also conducted by Toshio Matsushima et al.[16], who examined
the influence of diffuser shape on wind speed. Their results demonstrated that the angle
of attack significantly affects the wind velocity in the diffuser, with maximum speed
increases of up to 1.7 times achieved using an optimal diffuser shape. In this study, the
diffuser lengths from Ohya and Karasudani [15] were utilized, along with the angles of
attack based on Toshio Matsushima et al.[16] research, while incorporating an airfoil-
based design.

The airfoil shape used in this studied is the Wortmann FX63-137. As can be seen on
Figure 1, its topology has a thickness ratio of 13.66% and a curvature of 5.79%. This airfoil
has high lift, exhibits gentle stall characteristics, and has excellent overall performance as
well as suitable to low Reynold Number[22]. So that this airfoil is suitable for use as a
diffuser in low wind speed regions.

Autodesk Inventor was used to design the airfoil-based diffuser, while Ansys Fluent
was utilized to simulate the airflow entering the diffuser. The diffuser's dimensions,
specifically its length (Lt), were divided into several types as outlined in Table 1, based on
the diameter (D) and the angle of attack (a), with the addition of a brim (h) as shown in
Figure 2. The independent variables in this study are the diffuser length (Lt) and the angle
of attack (6), while the dependent variables are the wind velocity in the diffuser and the
resulting output power.

Type Co, as shown in Figure 3 (a), features a diffuser with a diameter (D) of 1020
mm and a ratio of 0,1, resulting in a length (Lt) of 102 mm. The brim size (h) is 153 mm,
and the angle of attack (a) is varied from 0° to 8° in 2° increments.

Figure 1. Profile Section Airfoil Wortmann FX 63-137
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Figlire 2. Airfoil Diffuser Parameters
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(a) (b) (c) (d)
Figure 3. a) Diffuser type Co with ratio 0,1 Lt= 102 mm, b) diffuser type Ci with ratio
0,137 Lt= 139,74 mm, c) diffuser type Cii with ratio 0,221 Lt= 225,42 mm, d) diffuser

type Ciii with ratio 0,371 Lt= 378,42 mm

Table 1. Types and Ratios of Airfoil Diffuser

No Type of Diffuser Lt/D
1 Co 0,1
2 Gi 0,137
3 Cii 0,221
4 Ciii 0,371

Type Ci, as shown in Figure 3 (b), uses the same diffuser diameter of 1020 mm but
with a ratio of 0,137, giving it a length (Lt) of 139,74 mm. The brim size (h) remains
constant at 153 mm, and the angle of attack (a) is also varied from 0° to 8° in 2°
increments.

Type Cii, as shown in Figure 3 (c), maintains the same diffuser diameter of 1020 mm
but with a higher ratio of 0,221, resulting in a length (Lt) of 225,42 mm. The brim size (h)
is 153 mm, and the angle of attack () is adjusted from 0° to 8° in 2° increments.

Type Cii, as shown in Figure 3 (d), also has a diffuser diameter (D) of 1020 mm but
with a ratio of 0,371, leading to a length (Lt) of 378,42 mm. The brim size (h) remains at
153 mm, and the angle of attack (a) is varied from 0° to 8° in 2° increments.

Geometry

The diffuser was designed using Autodesk Inventor Professional, with the
dimensions outlined earlier. In Ansys Fluent, a domain and Boolean operation were used
to enhance the simulation results. The size of the domain was based on the diameter of
the diffuser (D) 1020mm, with dimensions of 12,5D x 5D x 3,5D, while the boolean
operation was performed using a size of 2 m x 2 m x 2 m [23], as illustrated in Figure 4.

v (ms-1)

Y

2m D=1020mm

Boolean

= 1.

2m Domain

The Flow Inlet
3.5D
The Flow Outlet

-b{ =

25D . 10.5D

Figure 4. Domain and Boleean Size
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The Boolean function is used to separate the mesh size between the domain and
the Boolean region. The Boolean operation performed involves creating an empty space
region as the target body, with the diffuser as the tool body[24]. The mesh size in the
Boolean region is smaller than that in the domain, which serves to provide more detailed
results in the diffuser area. The Boolean shape used is a cube with dimensions of 2 m x 2
mx2m.

Meshing

Meshing is the process of dividing complex and continuous geometries into smaller
areas, manageable elements [25]. In this case, we utilized a triangular cell mesh, as
illustrated in Figure 5, with an element size of 500 mm. We set the curvature refinement
with a minimum size of 3 mm and assigned a body size feature using the Body of Influence
type, which had an element size of 300 mm. With these meshing settings, the total number
of elements generated reached 1.5 million. Generally, a higher number of elements leads
to more accurate simulation results [26].

To ensure a proper mesh setup, an independent test was conducted with varying
numbers of elements to determine the accuracy level of the simulation based on the
minimum error value [27]. The results used the average velocity values at the throat
diffuser. A diffuser of type Cii with an angle of attack of 0 degrees was used for the Grid
Independent Test (GIT). Those values were then compared until the smallest error
obtained at a specific number of elements that was used for subsequent tests. The results
of the independent test can be seen in Table 2.

Figure 5. Meshing Results in Ansys Fluent

Figure 6. Boundary Condition
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Table 2. The results of the Grit Independent Test (GIT)

No Element Velocity (m/s) Error (%)
1 620473 8.251 2.32
2 740295 8.462 2.55
3 890733 8.421 0.48
4 1112953 8.431 0.15
5 1507878 8.443 0.106

Boundary Condition

After completing the meshing process, the next step is the setup phase, which
involves configuring the boundary conditions. Boundary conditions define the zones that
limit the fluid system, ensuring the simulation aligns precisely with atmospheric
conditions [28]. In this study, the fluid type for the domain is set to air by default (air
density: 1,22 kg/m?). As shown in Figure 6, the inlet (blue) is assigned a wind velocity
input of 5,6 m/s, based on the average wind velocity [29], while the outlet (red) is setto a
pressure boundary condition of 0 Pa. The diffuser area and the domain wall are given no
slip boundary conditions because the working fluid used is air. The viscosity is modeled
using the K-Omega SST model (default)[30]. The simulation is then run for 250 iterations.

Based on Figure 2, the wind velocity data for the diffuser was obtained at the throat
area, as the wind turbine is positioned in the throat section of the diffuser. The data
collected from Ansys Fluent was processed using Microsoft Excel to determine the
velocity and power generated for each diffuser variation. The power produced by the
diffuser can be calculated using the equation (1) [21]:

P= % Ap 3 (1)
Where, Pis power, A is turbine swept area, p is air Density (1,225 kg/m3), and v is velocity

RESULTS AND DISCUSSIONS
Comparison of Velocity

The diffuser was tested at an wind speed of 5.6 m/s. For comparison, both an airfoil
diffuser and a simple diffuser were simulated to evaluate the differences in wind speeds.
All three diffusers had identical dimensions, with a constant ratio of Ci 0,137 (Lt/D) and
an angle of attack (a) of 6 degrees. Data collection was performed at a distance 0,5 meters
to the inlet and 0,5 meters from the inlet, measured at the center of the diffuser. The
results are displayed in Figure 7.

According to Figure 7, the airfoil diffuser exhibits a higher wind speed than the
simple diffuser. At the throat section, the airfoil diffuser achieves a velocity of 6.7 m/s,
representing an increase of 19.64% from the initial speed (5.6 m/s), while the simple
diffuser reaches a velocity of only 6,46 m/s, with an increase of 15.35% from the initial
speed (5.6 m/s). This testing proves that using an airfoil on design diffuser enhances wind
speed more effectively, even with the same diffuser dimensions. This improvement occurs
because the airfoil creates a low-pressure region, which results in higher wind in that
area.

Wind Velocity

After comparing the airfoil-based and simple diffusers, the next step is to analyze
the average wind speed at the throat area of the diffuser using Ansys Fluent. The results
of the wind velocity analysis are displayed in Figure 8.

Based on Figure 8, the wind speed varies for each diffuser type, and increasing the
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Figure 8. Wind speed at various angles of attack

length of the diffuser enhances the wind speed. Type Co has the lowest average wind speed
among the other types, while Type Cii has the highest average wind speed. Type Co
records an average wind speed of 6,75 m/s (increase 20,64% of wind speed), Type Ci
records an average wind speed of 7,59 m/s (increase 35,61% of wind speed), Type Cii
records an average wind speed of 8,64 m/s (increase 54,29% of wind speed), and Type Ci
records an average wind speed of 9,65 m/s (increase 74,23% of wind speed). This aligns
with the research by Ohya and Karasudani [15], which states that the length of the diffuser
(Lt) can influence the increase in wind speed.

However, variations in the angle of attack (@) result in fluctuations in wind velocity.
Each type of diffuser reaches its maximum wind velocity at a different angle of attack.
Type Co achieves its peak wind velocity of 6,95 m/s at 2°, while Type Ci reaches its
maximum wind velocity of 7,79 m/s at 0°. Type Cii records its highest wind velocity of 8,75
m/s at 4°, and Type Ciii reaches a peak wind velocity of 10,22 m/s at 8°. These findings
align with the research conducted by Toshio Matsushima et al. [16], which states that the
angle of attack (a) significantly influences the wind velocity distribution within the
diffuser, particularly in the throat area, as shown in Figure 8. The wind velocity is higher
near the edges of the diffuser and lower in the center. This wind velocity distribution can
enhance wind power available by utilizing the higher-speed airflow at the diffuser's edges
to impact the turbine blades effectively. Additionally, the presence of a brim at the rear of
the diffuser creates a low-pressure region, which further increases the airflow while it

-37-



Journal of Mechanical Engineering, Science, and
Galang Baruna Ramadhan et al. Innovation (JMESI)

entering the diffuser.

Velocity (m/s) 10 00 10 20 30 40 S0 60 63 64 67 68 70 80

(c)
H | .

Velocity (m/s) -3.00 -1.00 1.00 300 464 507 663 7.53 8.62 10.00 12.00

(d)
Figure 9. The highest wind velocity for each type based on the angle of attack, (a) Type
Co 2° with ratio 0,1 Lt=102 mm, (b) Type Ci 0° with ratio 0,137 Lt= 139,74 mm, and (c)
Type Cii4° with ratio 0,221 Lt=225,42, d) Type Ciii 8° with ratio 0,371 Lt=378,42
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Figure 10. The wind power generated by each type of diffuser

Output Wind Power

Wind speed is directly proportional to the wind power generated; the greater the
wind speed, the higher the wind power output. With an incoming wind velocity of 5.6 m/s,
the diffuser's output wind power increases noticeably, particularly at the throat section.
The generated wind power available can be observed in Figure 10 below.

Based on the graph in Figure 10, which illustrates the relationship between wind
power percentage and the angle of attack (a), a significant increase in wind power occurs
at specific angles for each diffuser type. Diffuser type Co achieves a maximum wind power
of 161 watts at a 2° angle, type Ci reaches a maximum wind power of 227 watts at a 0°
angle, type Cii produces a maximum wind power of 322 watts at a 4° angle, and type Ciii
generates a maximum wind power of 513 watts at an 8° angle. Each diffuser type reaches
its peak wind power at different angles because the optimal angle for maximizing
windspeed or wind power output varies depending on the length of diffuser. By increasing
of wind power available, the wind energy can be significantly converted by the wind
turbine so that the power output of the wind turbine can be increased

CONCLUSIONS

From the analysis and calculations of the obtained data, it can be observed that using
an airfoil on the diffuser can significantly increase wind velocity in the throat area
compared to a simple diffuser. The Wortman FX63-137 airfoil, utilized on the diffuser,
enhances the incoming wind velocity across various types. Increasing the length of the
diffuser results in higher wind speed, but raising the angle of attack beyond a certain
inclination can reduce the wind speed. For diffuser type Co, the wind velocity increases up
to 6.95 m/s but drops significantly after exceeding a 2° angle. Type Ciachieves its highest
wind speed of 7.59 m/s at a 0° angle, with a decrease observed at subsequent angles. Type
Ci experiences a decline starting from 6°, while type Ciishows no decline in the graph but
has the potential to decrease at larger angles. The wind power output is influenced by
wind speed, with the highest power of 513 watts generated by type Ciii at an angle of 8°.
Conversely, the lowest wind power of 137 watts is produced by type Co, also at an 8° angle.
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