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ABSTRACT

Traditional sharp trailing-edge airfoils are poorly
suited for the low wind speed regimes common in
regions like Nigeria, presenting a significant barrier
to wind energy deployment. Flatback airfoils, which
incorporate a blunt trailing edge, offer a promising
alternative by enhancing structural integrity and
acrodynamic lift. This study investigates the
performance of two flatback airfoil families—the FB
and TR series—each designed with a 40% thickness-
to-chord ratio and trailing-edge thicknesses of 5%,
10%, and 20% of the chord. Numerical simulations
were first conducted using 2D compressible
Reynolds-Averaged Navier-Stokes (RANS)
equations paired with the Shear Stress Transport
(SST) k — w turbulence model in ANSYS Fluent.
Because the TR series exhibited superior lift
performance in the Computational Fluid Dynamics
(CFD) analysis, it was selected for physical
validation. The TR profiles were modeled, fabricated
out of lightweight polycarbonate using Fused
Filament Fabrication (FFF) 3D printing, and text-
validated in an FMO02 subsonic wind tunnel at
velocities ranging from 3 m/s to 7 m/s across angles
of attack from 0° to 24°. The numerical findings
showed strong agreement with experimental data at a
Reynolds number of 2.03x10°. Results
demonstrated that flatback airfoils delay boundary
layer separation, allowing them to double the
maximum lift coefficient compared to traditional
sharp trailing-edge designs. Although flatback
geometries introduce a minor drag penalty due to
turbulent wake formation at the open trailing edge,
the massive increase in lift significantly improves
overall aerodynamic capability. Ultimately, this
research confirms that adopting flatback airfoils,
particularly from the TR family, can substantially
enhance wind turbine efficiency in low-velocity wind
regimes.
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I. INTRODUCTION

The performance of airfoils at low wind
speed has been of interest in connection with a wide
range of applications, including the operation of wind
turbines. Therefore, it is of importance in any
investigative work into the aerodynamics of wind
turbines, a most crucial requirement is the lift/drag
characteristics of the airfoil cross-sections utilized for
the blades at the set of wind speed at which the wind
turbine is predicted to run. Flatback airfoils are a
modern type of shape that incorporates a blunt
trailing edge. Flatback airfoils give several structural
and aerodynamic performance benefits. Structurally,
the flatback airfoils increase the sectional area and
sectional moment of inertia for a given airfoil
maximum thickness. Aerodynamically, the flatback
airfoils decrease the thick airfoils' known
vulnerability to surface soiling while increasing the
sectional maximum lift coefficient and lift curve
slope (Baker & Vandam, 2018). Additionally, it
performs somewhat better aerodynamically than
standard profiles (Xiaomin, 2012).

The operation of wind turbines is one of the
many areas where the performance of airfoils at low
wind speeds has been of interest. The low wind
speeds that are common throughout most of Nigeria
are one barrier to the production of wind energy.
Additionally, traditional sharp trailing-edge airfoils
are not appropriate for usage in low wind speed
regimes, according to reports in the literature (Ahmed
and Sumeesh, 2018; Jamila, 2015). According to
Ashneel and Sumeesh (2018) and Lance and
Coffman (2019), the traditional sharp trailing-edge
airfoils are appropriate for use in situations with
strong wind speeds and relatively small angles of
attack.

It has been demonstrated that flatback
airfoils, which have a thick trailing edge, have
advantageous aerodynamic and structural properties,
especially in the inboard areas of rotor blades where
the structural requirements are high and the velocities
are low. In contrast to traditional sharp trailing-edge
airfoils, the thick trailing-edge enhances the sectional
area, moment of inertia, lift characteristics, and
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insensitivity to the airfoil's roughness. Superior
airfoil families, including the FX, DU, FB, and
NACAG64 series of airfoils, have been made available
to wind turbine builders during the past few decades
thanks to numerous outstanding contributions
(Grasso, 2012). According to Gooden (2015), the
majority of the FX series airfoils have a high
maximum lift coefficient and a broad low drag band,
which meet the needs of a sail plane. The Delft
University of Technology created the DU series
airfoils as a replacement for the thick NACA family
airfoils, which experience significant performance
reduction as a result of an early flow transition
(Timmer & Rooji, 2018). Professor C.P. Vandam of
SANDIA National Laboratories created the FB series
airfoils.

In the wind turbine business, airfoils with a
thick, blunt, or flat trailing edge are referred to as
flatback airfoils. Hoerner (2014) conducted the first
study on the effect of cut-off, truncated symmetrical
airfoils and discovered that lift may be increased by
thickening the trailing-edge of 25-35% thick airfoils,
which are frequently seen in the inner sections of
propellers. This increase in lift results from some of
the airfoil's pressure recovery taking place in its wake
rather than at its trailing edge. Put differently, overall
higher-pressure coefficients are found over the airfoil
surface because the upper and lower surfaces will not
have identical pressures at the trailing-edge.
Additionally, a less severe unfavorable pressure
gradient is created, which reduces flow separation
and raises the maximum CL. It was discovered that
the drawback of a thick trailing-edge airfoil was an
increase in drag, which was brought on by a rise in
profile drag in comparison to a thin trailing-edge
airfoil. However, because of the greater increase in
lift compared to drag, increases in aerodynamic
efficiency, or CL/CD, frequently occur, especially for
thick airfoils.

There has been very little research on the
aerodynamic properties of flatback airfoils at low
wind speed regimes, which are common in most of
Nigeria. Of the few studies that have been done,
many have not corrected for wind tunnel wall effects
(wall and solid blocked effects), and in some of the
studies, the truncation method used to create the
flatback airfoil is not the best method (Lance and
Coffman, 2019).

For wind turbine aerodynamic study at these
Nigerian wind speed classes, lift and drag data of
flatback airfoils are scarce. Thus, this study aims to
solve the issue by supplying this information using a
systematic and forward-thinking methodology.

II. METHODOLOGY

2.1 Problem Geometry

The FB series airfoil family—FB-4000-
0050, FB-4000-1000, and FB-4000-2000—and the
TR series airfoil family—TR-4000-0050, TR-4000-
1000, and TR-4000-2000—are the flatback airfoils
taken into consideration for this study. Each of the
airfoils has a chord length of 100 mm, a thickness-to-
chord ratio of 40%, and trailing edge thicknesses of
5%, 10%, and 20% of the chord, respectively.

The airfoil surface coordinates were taken
from (Standish & Vandam, 2018) in order to generate
the airfoil geometry in ANSY'S Design Modeler. The
airfoil models' data was then chosen, duplicated, and
organized into a tabular format on a fresh Microsoft
Excel sheet. The airfoil models' data were separated
into three columns in the table, which corresponded
to their three planes, x, y, and z. The Excel
spreadsheet from Microsoft was saved in the (.txt)
format. The airfoils were then modeled when the
document with their coordinates was imported into
the ANSYS design modeler.

2.2 Grid (Mesh) Generation

Making a mesh around the profiles is the
next step after modeling the airfoils in ANSYS
Design Modeller. Meshing from ANSYS Fluent
software is the program used to create the mesh. To
more precisely specify the mesh's characteristics, the
region surrounding the profile was initially separated
into many zones. The mesh was then created after
each region's features were established. In order to
choose the best mesh for this research project, a grid-
independence analysis was finally carried out.
MESH CHARACTERISTICS

The CFD domain has been descretized using
a C-block computational domain. In ANSYS
Meshing, harsh behavior was chosen and element
sizes were set to 0.1 meters. With minor
modifications based on each profile, the final mesh
contains 100,900 nodes. The aspect ratio is 28.46457,
and the minimum orthogonal quality is 0.695472.

GRID-INDEPENDENCE STUDY

Examining how the mesh size affects the
solution outcomes should be the first step in
undertaking computational fluid dynamic (CFD)
analysis. Adding more nodes often improves the
accuracy of a numerical simulation output, but doing
so also raises the amount of computer memory and
processing time needed. Increasing the number of
nodes until the mesh is sufficiently fine to prevent
additional refinement from altering the analysis
results can help determine the right number of nodes.
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Figure 2.1 shows the grid-independence study that
was done for this research.
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Figure 2.1: Grid-independence Study Result

According to this work, a grid-independent
solution might be established in a C-block
computational domain of 100,900 cells. The final
mesh for this study is shown in Figure 3.6.
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Figure 2.3: Inlet boundary condition.

As seen in Figure 2.4, the outlet area is the
extreme edge behind the airfoil's trailing edge.
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Figure 2.2: Final Mesh of the Profile.

With slight modifications based on each
profile, the final mesh contains roughly 100900

cells. Following the grid-independence
investigation, a few crucial parameters were verified
in ANSYS Fluent to confirm the results. L
2.3 Boundary Conditions e
It is crucial to define various aspects of the
geometry for the boundary conditions that need to Figure 2.4: Outlet boundary condition.

be defined later in Fluent after creating the profile's
final mesh. The boundary conditions are defined by
the external boundaries of the C-block
computational domain. As illustrated in Figure 2.3,
the inlet zone is defined as half of the circle in the
C-block computational domain.

The profile's edge must also be defined
since that is where the fluid and solid interact. Figure
2.5 displays a schematic of these components.
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Figure 2.5: Airfoil boundary condition.

2.4 Numerical Simulation

ANSYS Fluent software was used to carry
out the numerical simulation. This program solves a
set of equations on each mesh node to determine the
flow attributes. The conservation of mass equation
is one of the equations that Fluent solves (ANSYS
Fluent, 2015).

apV19—0 3.1
E*‘(P)— (CAY)

and momentum conservation equation: (ANSYS
Fluent, 2015).

9
Fe=p5+p@OV)9 (32)

Ansys Fluent has two primary categories of
numerical solvers: density-based and pressure-
based. Density-based solvers employ the equation of
state to determine the pressure field and the
continuity equation to determine the density. On the
other hand, pressure-based methods use the pressure
equation or a combination of continuity and
momentum equations to calculate the pressure field.
The pressure-based solver was selected since it was
designed for low-speed incompressible flows, which
is how wind turbines behave.

The physics of the flow, the degree of
accuracy needed, the computer resources at hand,
and the simulation time all play a role in the model
selection. The simulation used in this study is the 2D
compressible Reynolds-average Navier-Stokes
equation with shear stress transfer (SST) k- model
(Plate 3.5). Adverse pressure gradient boundary
layer fluxes and separation are generally better
predicted by K- models. The classic k- equation
has a flaw in that the answer is highly sensitive to
the freestream values of k and ® outside the shear
layer. Because of this, a (SST) k- model has been
selected, which combines components of the ®-
equations with the O— equation to avoid the
freestream sensitivity of the normal k-o models.
Furthermore, the SST model has been calibrated to
precisely calculate the flow separation from smooth
surfaces.

The main parameters of the simulation are
summarized at table 2.1.

Table 2.1: Main parameters of the simulation.

Solver type Pressure — Based
Time Steady
Dimension 2D
Turbulence Viscous (SST) k —w | Turbulence Kinetic Energy (k) 3.75 X 1075 m?/s?
model Specific Dissipation Rate w 0.2538 1/s
Material Air Density (p) 1.225kg/m®
Dynamic viscosity 1.81 x 10~°kg/ms
Boundary Airfoil Wall No slip
conditions Inlet Velocity-inlet (Flow velocity) 3m/s — Tm/s
Outlet Pressure-outlet (gauge pressure) | 0 Pa
Solution Scheme Coupled
Method Spatial Discretization | First Order Upwind
Monitors Residuals 0.0001
Iterations
Max iterations 200
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2.5 Fabrication of the Flatback Airfoils
using 3D Printing

2.5.1  Airfoil modelling

The surface coordinates of the flatback
airfoils were acquired from (Standish & Vandam,
2018) in order to model them using SOLIDWORKS
software. The airfoil models' data was then chosen,
duplicated, and organized into a tabular format on a
fresh Microsoft Excel sheet. The airfoil models' data
were separated into three columns in the table,
which corresponded to their three planes, X, y, and
z. The Excel spreadsheet from Microsoft was saved
in the (.txt) format. The flatback airfoils TR-4000-
0050, TR-4000-1000, and TR-4000-2000 were then
modelled to be 100mm in chord with a 40%
thickness to chord ratio each, with a trailing edge
thickness of 5%, 10%, and 20% of the chord and a
span of 100mm, respectively, after the (.txt) format
document containing the airfoil coordinates was
imported into the SOLIDWORKS software.

2.5.2  Slicing

Slicing the 3D model of the airfoils is the
next step after modeling them with SOLIDWORKS
software. Slicing the 3D models enables the 3D
printer to determine the path, time, and quantity of
filament needed to produce the model. When
needed, it can also automatically generate a precise
support structure. The slicing was done using Cura
software. In order to create the printer-specific G-

code file—basically a lengthy set of instructions
required by the printer to print the 3D model—Cura
slices the 3D model file into layers. Because the
denser the fill, the longer the print will take and the
more plastic filament will be used, the fill quantity,
which controls how much of the model interior will
be filled by the plastic filament, was set to 20% by
default. Each airfoil model took around 4 hours and
48 minutes to print, with minor variances based on
each profile.

2.5.3  Printing

The slice file was sent into the 3D printer
once the airfoil models had been cut. To get the
printer ready for printing, it was calibrated. To
increase printing accuracy, the extruder and printing
base were additionally calibrated. Fused Filament
Fabrication (FFF) was the 3D printing technology
utilized in this study. In order to create a formed
three-dimensional model, thermoplastic filament is
heated, extruded by an extruding head, and then
layered layer by layer utilizing fused filament
fabrication. The FFF was chosen because it is the
most popular and extensively utilized 3D printing
technique, offering more accuracy and affordability.
The temperature ranges for the 3D printer are 250 to
270 degrees Celsius for the nozzle and 90 to 110
degrees Celsius for the heated bed. One of the airfoil
models' 3D printing process is depicted in Figure
2.6.

Figure 2.6: 3D Printing Process of one of the Airfoil Models
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Because polycarbonate (PC) is a very
durable and lightweight thermoplastic 3D printer
filament, it was decided to use PC to create the

airfoil models. The image of the 3D printed airfoils
is shown in Plate 1.0.

Plate 1.0: Photograph of the 3D printed airfoil models

2.6 Experimental Characterization of the
Airfoil Models

Following the installation of an airfoil in
the test section, an experimental trial was conducted
using the following protocol, which entails a full
angle of attack sweep that begins at a low angle and
increases to the maximum angle.

1. The Wind Tunnel's calibration factor, k =
0.1, was determined during installation.

2. The Digital Micro-manometer and the
three balance outputs (lift, drag, and
pitching moment) were zeroed before the
Wind Tunnel was started.

3. The following were measured and entered
into the wind data management system for
every Airfoil Model:

a. Airfoil span and
b. Airfoil Span.

4. At roughly 1 atm, the barometric pressure
was measured and entered into the wind
data management system.

5. After turning on the FM02 Wind Tunnel,
the speed was changed to the required level
(3 m/s to 7 m/s at intervals of 1 m/s).

The wind data management system was
used to collect data for each configuration at angles
of attack between 00 and 240 in increments of 20.
Plate 3.14 shows a picture of one of the airfoil
models used in the FM02 wind tunnel test section.
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Plate 1.2: TR-4000-2000 airfoil installed in the FM02 Wind Tunnel test section

I11. RESULTS AND DISCUSSION

31 Computational Fluid Dynamic (CFD)
Analysis Results
a. Validation of Simulation Results

At this stage, ANSYS Fluent defines the
parameters that describe the fluid and the resolution
technique. It is now crucial to confirm that the
assumptions made in order to construct fluent
parameters are accurate. The hypothesis used to set
fluent parameters is assumed to be valid if there is
good agreement between the simulation and
experiment findings; if not, certain parameters must
be adjusted. The validation was carried out by
contrasting the simulation-derived results with the
experimental test results. The fluctuation of Cl and
Cd with regard to the angle attack are precisely the

1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

CL

data that are compared in this validation. Since they
are the established values from the experimental
investigation, they are utilized. The Reynolds
number in both analyses must be the same in order
to compare the simulation and experimental results.
The identical Reynolds number conditions, Re =
2.03ES, were used for the validation procedure.

Figures 3.1 and 3.2 show the validation
findings. The Cl and Cd values are shown in Figures
4.1 and 3.2, respectively. For nearly every angle of
attack, the Cl data produced satisfactory findings. It
demonstrates how well the CFD predicts the CI.
Nevertheless, there are still discrepancies between
the data derived from the experimental and CFD
results. When comparing the CFD results to the
experimental data, it is evident from the airfoil's
stalling angle that the stall occurs later.

=@=_CL simulation@ Re=2.03E5
==@==CL expeimental@ Re=2.03E5

0 2 4 6 8 10 12 14 16 18 20 22 24

Angle of Attack

Figure 3.1: Lift Coefficient Against Angle of Attack
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Additionally, the Cd data demonstrates
quite good results between the CFD and
experimental results, particularly at angles of attack
< 10°. The simulated and experimental data indicate
that there is a difference at angles of attack greater
than 10 degrees. Nevertheless, this is still acceptable

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Cd

0 2 4 6 81012141618202224

Angle of Attack

because the airfoil's angle of attack is rather high at
angles greater than 10 degrees, and a vortex has
developed, making fluid flow modeling extremely
difficult. The constraints of the vortex modeling also
impact the overall forecast of Cd since this vortex
has a significant impact on the drag force.

==@==Cd simulation@ Re= 2.03E5

=@==Cd experimental@ Re=
2.03E5

Figure 3.2: Drag Coefficient Against Angle of Attack

b) Contours of Pressure and Velocity
Magnitudes

Visualizing the pressure and velocity
distribution across the whole computational domain
is necessary to fully comprehend an airfoil's

performance. As a result, pressure and velocity
contours were shown for angles of attack (o) ranging
from 00 to 240. Figure 3.3 compares the pressure
and velocity contours at o = 150 for two distinct
Reynolds numbers (Re).
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Contours of Static Pressure (pascal) Feb 20, 2022
ANSYS Fluent 15.0 (2d. pbns, trans-sst)

Figure 3.3(a): Pressure contour
@ Re=3.4E5 and a= 15°

| Contours of Static Pressure (pascal) Feb 20, 2022
| ANSYS Fluent 15,0 (24, pbns, trans-sst)

Figure 3.3(c): Pressure
contour@ Re=4.74E5 and a= 15°

Comparing the pressure contours for Re =
3.4E5 and Re = 4.74ES in Figures 3.3(a) and 4.3(c),
respectively. For o= 150, a higher pressure zone was
found around the bottom of the airfoil's leading edge
and a lower pressure zone at the top of the same
edge. In the higher Re instance, there is a
quantitative increase in both the upper and lower
pressure zones. We can think back to our basic
understanding of acrodynamics, which is that lift, or
the upward unbalanced force, is produced by this
pressure differential.

It is clear that the lift would rise as this
disparity increases quantitatively as Re increases.

Feb 17,2022
ANSYS Fuuent 15.0 (24, pbas, rans-sst

Figure 3.3(b): Velocity
contour@ Re=3.4ES5 and o=
15°

10701
10w01
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91900
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8800

o)

Fob 17,2022
ANSYS Fluent 15,0 (2¢. poos, rans-sst)

Figure 3.3(d): Velocity
contour@ Re=4.74E5 and
o=15°

The velocity magnitude contours for Re = 3.4ES5 and
Re = 4.74ES5, respectively, are compared in Figures
3.3(b) and 3.3(d). We observe that the higher
velocity zone formed close to the top corner of the
airfoil's leading edge, and a corresponding lower
velocity zone appeared at the bottom corner of the
same edge, since an increase in pressure is
invariably linked to a fall in velocity. A prominent
blue color indicates the wake, which is also visible
behind the airfoil body (trailing edge). This results
from flow separation at the airfoil's trailing edge.
This wake is greater for a higher Re instance,
indicating that drag will rise as Re increases.
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! Contours of Stafic Pressure (pascal) Feb 20,202
‘ ANSYS Fiuent 15.0 2d, pdns. trans-sst)

Figure 3.4(a): Pressure
contour@ Re= 2.03E5 and o= 0°

Figures 3.4(a) and 3.4(b) show the pressure
and velocity contours for a=00 at Re=2.03ES. It is
noted that the zone of increased pressure (shown in
red) lies precisely at the airfoil's leading edge. The
airfoil's upper surface is close to the lower pressure
zone. Lift generation at this a and Re is similarly
moderate since the pressure differential between the
top and lower surfaces is not particularly great.
Velocity contours show that the lower pressure zone
is precisely where the higher velocity appears, and
vice versa. At these o and Re, there is also reduced
flow separation and wake production.

The pressure and velocity contours for o =
00, 160, and 240 are plotted for Re = 4.74E5 in

| Contours of Velocty Magnitude (m's) Feb 20,2022

ANSYS Fluent 15.0 (2d. pbas, trans-sst)

Figure 3.4(b): Velocity contour@
Re=2.03E5 and a= 15°

Figure 3.5. It is evident that the airfoil's higher-
pressure zone (red) and the pressure differential
between its top and lower surfaces grew from a = 00
to o = 160, and subsequently decreased at a = 240.
The trend of the lift coefficient (Cl) rising and then
declining can be explained by this behavior. It is
evident from the velocity contours that when the
angle of attack (a) increases from 00 to 160 and from
160 to 240, the flow separation zone (blue shaded)
near the trailing edge of the airfoil shifts, grows, and
becomes stronger. This explains why the drag
coefficient (Cd) keeps rising as the angle of attack
() increases.
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Feb 17,2022
ANSYS Fluent 15,0 (24, pbas. trans-sst)

Figure 3.5(a) o= 0°

Contours of Static Pressure (pascal) Feb 17.2022
ANSYS Fluect 15.0 (24, pbns. rans-sst)

Figure 3.5(c) o=b 16°

Contours of Static Pressure (pascal) Feb 17,202
ANSYS Fiuent 15.0 (2d. pbns, trans-ss

Figure 3.5(e) o= 24°

b. Variation of Lift, Drag and Torque
Coefficients with Angle of Attack

Figure 3.6 shows the ANSYS Fluent lift
prediction for the FB-4000-0050, TR-4000-0050,
and FB-4000-1000 airfoils at RE=2.03E5 and 2.7ES5,
respectively. When considering the relationship

}m-mm—a Feb 17,2022
ANSYS Fuuert 15.0 24, pors, rane-sst

AThe
230000
Hien
)
]
'

Cartours of Viocty Magntude (k) o 17, 2022

Fo
ANSYS Fluset 15.0 26. pbrs. vrans-ast)

Figure 3.5(d) a=16°

Fob 17,2022

ANSYS Fluent 150 (24, poes, bans-sst)

Figure 3.5(f) o= 24°

between lift coefficient and angle of attack, all
airfoils exhibit a similar tendency, with a nearly
horizontal section from 0 to 6 degrees of angle of
attack, an increase from 8 to 20 degrees of angle of
attack, and a subsequent reduction in lift coefficient.
Due to its higher lift coefficient over the whole
performance, the TR-4000-0050 airfoil performed
better than the two FB series airfoils.
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Figure 3.6: Lift coefficient against angle of attack for FB-4000-0050 and TR-4000-0050 at Re= 2.03ES and

Re=2.7E5.
The lift curves for the FB-4000-1000, TR- degrees angle of attack. The lift coefficient rises to
4000-1000, and FB-4000-1000 airfoils at RE=2.7E5 its maximum value at 20 degrees angle of attack
and RE=3.4E5 are nearly identical in Figure 3.7, before declining.
with an almost horizontal portion from 0 to 8
1.4
1.2
1
. 0.8 —4&— FB-4000-
© 06 1000@RE=2.7E5
0.4 ——TR-4000-
0.2 1000@RE=2.7E5
0

8 10 12 14 16 18 20 22 24
ANGLE OF ATTACK

Figure 3.7: Lift coefficient against angle of attack for FB-4000-1000 and TR-4000-1000 at Re= 2.7E5 and Re=
3.4ES.

At both RE=2.7E5 and RE=3.4ES, the airfoil was roughly twice that of the FB-4000-1000
maximum lift coefficient of the TR-4000-1000 airfoil.

=—4— FB-400-1000@RE=4.06E5
== TR-4000-1000@RE=4.06

=== FB-4000-2000@RE=4.74
0 2 4 6 8 1012141618 202224

ANGLE OF ATTACK

Figure 3.8: Lift coefficient against angle of attack for FB-4000-1000 and TR-4000-2000 at Re= 4.06ES and

Re=4.74ES.
Figures 3.8 and 3.9 showed similar outperforming the FB-4000-2000 airfoil at both
patterns, with  the  TR-4000-2000 airfoil RE=4.06E5 and RE=4.74ES5 in Figure 3.9.
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2000@RE=4.74E5
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TR-4000-
2000@RE=4.06E5

Figure 3.9: Lift coefficient against angle of attack for FB-4000-2000 and TR-4000-2000 at Re= 4.06E5 and
Re=4.74ES.

When examining the relationship between

drag coefficient and angle of attack in Figure 3.10,
all of the profiles show fairly similar tendencies,

0.5
0.4
5 03
© 02
0.1

0

with a horizontal portion from 0 to 12 degrees of
angle of attack and an increase from 12 to 24 degrees
of angle of attack without declining.

—4— FB-4000-0050@RE=2.3E5
== TR-4000-0050@RE=2.3E5
FB-4000-0050@RE=2.7

0 2 4 6 8 10121416 182022 24
ANGLE OF ATTACK

Figure 3.10: Drag coefficient against angle of attack for FB-4000-0050 and TR-4000-0050 at Re= 2.03ES and
Re=2.7ES.

For flatback airfoils, this increase in the
drag coefficient is to be expected. The boundary
layer and a turbulent wake behind the profile are
separated by the geometry of flatback airfoils with
an open trailing edge.

The  relationship  between  torque
coefficient and angle of attack is shown in Figure

2.5

2

8 1.5
1

0.5

0

0 2 4 6 8 1012141618202224
ANGLE OF ATTACK

3.11. All three airfoils have a maximum torque
coefficient at an angle of attack of 20 degrees. For
both RE=4.06E5 and RE=4.74E5, the TR-4000-
2000 airfoil has a higher torque coefficient than the
FB-4000-2000 airfoil.

—&— FB-4000-
2000@RE=4.74E5

== TR-4000-
2000@RE=4.74E5

TR-4000-
2000@RE=4.06E5

Figure 3.11: Torque coefficient against angle of attack for FB-4000-2000 and TR-4000-2000 at Re= 4.74ES and
Re=4.06E5
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IV.  CONCLUSION
In order to determine which airfoil family
performs better at low wind speeds in advance
of a wind tunnel test, computational fluid
dynamic (CFD) research was performed on two
distinct families of airfoils (TR and FB). The
TR airfoil family was chosen for the
experimental analysis because CFD analysis
results indicate that it performs better at low
wind speeds than the FB airfoil family.
SOLIDWORKS software was used to model
the TR airfoils, specifically TR-4000-0050, TR-
4000-1000, and  TR-4000-2000, and
polycarbonate was used as the 3D printer
filament. The manufactured airfoils were large
enough to be installed in the wind tunnel test
area.
TR airfoil family experiments were carried out
in a wind tunnel at low wind speeds. The wind
data management system was used to collect
data for each airfoil at angles of attack between
00 and 240 at intervals of 20.
To account for solid and wake blockage brought
on by the airfoils in the test section, the wind
tunnel test data was adjusted. According to
experimental findings, using flatback airfoils at
low wind speeds resulted in a significant boost
in lift force. Due to the boundary layer
separation delay, there is an increase in lift force
at high angles of attack. Additionally, the
findings demonstrate that the maximum lift
coefficient of flatback airfoils is twice that of
the traditional sharp trailing edge airfoil.
Flatback airfoils have a higher drag coefficient
than traditional sharp trailing edge airfoils,
however this increase is less than the lift
coefficient. It is difficult to distinguish between
flatback airfoils. Ultimately, the study's
findings indicate that using flatback airfoils
instead of traditional sharp trailing edge airfoils
could significantly enhance wind turbine
performance at low wind speed regimes. Thus,
our study suggests that this kind of airfoil has a
significant potential to enhance wind turbine
blades in low wind speed regimes.

V. RECOMMENDATIONS

The FB series and TR series airfoil families are
the flatback airfoil families taken into
consideration for this study. Therefore, in order
to see the behavior of flatback airfoils at low
wind speed regimes in greater detail, other
flatback airfoil families must be taken into
consideration.
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Additional research to examine how trailing

edge width affects flatback  airfoils'
aerodynamic properties.
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  k − 𝜔


  2 . 03 ×  10 5


    𝜕 p  𝜕 t + ∇  ( 𝜌 𝜗 ) = 0                                                   ( 3 . 1 )        


   Ӻ  t = 𝜌   𝜕 𝜗  𝜕 t + 𝜌  ( 𝜗 ∇ ) 𝜗                                   ( 3 . 2 )


  k − w


  3 . 75 ×  10  − 5     m 2    s 2


  w


  0 . 2538         1 / s


  𝜌


  1 . 225 k g /   m 3


  1 . 81 ×  10  − 5 k g / m s

