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Abstract: Due to the climate change nowadays, there are a lot of alternative ways to convert renewable
energy to generate electricity and the wind energy is one of them. Reynold's numbers of 0.8 X 10° and
1.0 X 10° are compared in this study to see their effects on the FFA-W3-270 and FFA-W3-240 aerofoil
models. The dimension of the FFA-W3-240 type is 120 mm thick, with a chord of 500 mm and a span
of 800 mm. In contrast, the FFA-W3-270 type has 128 mm maximum thickness, 500 mm chord and a
span of 750 mm. Investigation of the lift force, drag force, pitching moment and pressure distributions
on these two aerofoil models is done in a wind tunnel test using UTM LST Wind Tunnel, which has
dimensions of 1.5 m x 2 m x 5.8 m. The wind tunnel experiments are cartied out at 25 m/s and 31.2
m/s wind stream velocity and angle of attack ranging from -4 © to 18 ° with an increment of 2°. From
the experimental results, it is observed that the pressure coefficient on the upper surface of the FFA-
W3-240 has a significant change in comparison to that for the FFA-W3-270. When the adverse pressure
gradient increases, it causes eatlier separation for thinner aerofoil. In contrast, it causes separation delay
for the thick aerofoil. From this, it shows that FFA-W3-270 has better aerodynamic performance. For
FFA-W3-240, at Reynold’s number 1.0 X 10°, stall occurs at 14° with maximum lift coefficient of 1.26.
However, for FFA-W3-270, stall does not occur up until 18°. Besides, for FFA-W3-240, increasing the
Reynold’s number will increase the drag coefficient at stall point by over 5.48%. For both models, the
pitching moment coefficient remains relatively constant over the considered range of angles of attack
due the moment being calculated at the aerodynamic center of the aerofoil, which is estimated to be at
the quarter-chord location from the leading edge.
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1. Introduction

Utilizing wind energy typically has a lower environmental impact than using other energy sources.
Most buildings now use small-sized wind turbines, especially industrial buildings. The function of this
wind turbine is to convert kinetic energy from the rotation of the turbine that is caused by the passing
wind into mechanical energy and subsequently, it will be converted into electrical energy. Wind turbines
can be divided into two primary categories: horizontal-axis turbines (HAWT) and vertical-axis turbines
(VAWT) [1]-[2]. In general, the aerodynamic issues faced by wind turbine operations are mostly caused
by adverse pressure gradient, which causes flow separation. The capacity to lessen, regulate or postpone
the flow separation will significantly improve an airfoil’s aerodynamic performance and consequently
will help boost the efficiency of a general turbine [3]. In a recent study, several methods to improve the
performance of horizontal wind turbine blades are investigated, which is focused on utilizing multiple
airfoil sections and fence [4]. Based on the findings, it has been suggested that these enhancements can
lead to improved efficiency and performance of horizontal wind turbines.
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For the presented study in this paper, a specialized FFA aerofoil model is used. Among others, this
aerofoil design has been developed for the purpose of overcoming the weakness of high drag and low
maximum lift coefficient, Cim. that many thick airfoils commonly exhibit with rough leading [5]. In the
previous studies, conducted numerical analysis on the effect of changing thickness to the aerodynamic
performance of the aerofoil has demonstrated that increasing the aerofoil thickness will lead to increase
in drag coefficient and maximum lift [6]-[7]. Moreover, an analysis on the aerodynamic characteristics
of the FFA-W3-270 aerofoil has found that the maximum suction peak value at the leading edge on the
suction side varies dramatically when the angle of attack increases, even though the value on the bottom
surface does not [8]. This means that, when the Reynolds number rises, the maximum lift will increase,
the drag coefficient will decrease and the stall condition will occur at lower angle of attack.

While previous studies have shown that the thickness of the aerofoil has significantly affected the
wing’s aerodynamic properties, it should be noted that most of these earlier studies used the simulation
analysis methods, with only very few involved the experimental trials. Because of this, there is a lack of
experimental data for comparison purposes. More specifically, the data for the FFA aerofoil is not well-
documented. This study is addressing this identified gap of information.

2. Methodology

In this research, two types of FFA-W3 aerofoil are tested: FEA-W3-240 and FFA-W3-270. These
two aerofoil are shown in Figure 1 while the experimental setup for the wind tunnel testing are tabulated
in Table 1. Both aerofoil models are tested in the wind tunnel for varied angles of attack between -4°
and 18° with 2° increment under two settings of Reynolds’ number: 0.8 X 10° and also 1.0 X 10°. The
LabVIEW application software is used for data acquisition utilizing the computer data logger.
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(a) FFA- \W3 270 aerofoﬂ (b) FFA-W3-240 aerofoll
Figure 1: Test models used in this study

Table 1: Experimental setup for the wind tunnel testing

Aerofoil Model Pressure Taps Model Size
30 Total span: 750 mm
FFA-W3-270 (17 on the upper surface and Chord: 500 mm
13 on the lower surface) Maximum thickness: 135 mm
36 Total span: 800 mm
FFA-W3-240 (21 on the upper surface and Chord: 500 mm
15 on the lower surface) Maximum thickness: 120 mm
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From the experiments, the main results that will be measured are the surface pressure distribution,
aerodynamic forces and moments. The FKPS 30DP electronic pressure scanner is used to monitor the
surface pressure and an external balance is used to measure the aerodynamic forces and moments. The
technical drawing for the FFA-W3-270 model and the illustration on how the model is set up inside the
wind tunnel are shown in Figure 2 and Figure 3, respectively.
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Figure 2: Technical drawing of FFA-W3-270 aerofoil
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Figure 3: Orientation of the test model in wind tunnel during testing
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Figure 4 shows the overall flowchart for the data collection. The data are collected from the wind
tunnel testing include lift coefficient (Cp), drag coefficient (Cp), pitching moment coefficient (Cy;) and
sutface pressure of location (X/C) of the aerofoil’s pressure coefficient (Chp).

Wind-On Reading

Aerodynamics
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|

‘ Surface Pressure ‘
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Data Averaging
|

Tare Reading Subtracted from the Wind-On Reading

|
Converting data from body axes to wind axes

|
Determination of Aerodynamics Coefficient

Figure 4: Overall flowchart of data collection and analysis process in this study

3. Results and Discussion

As depicted in Figure 5, for both aerofoil models at angle of attack of -4°, the pressure coefficient,
Cp of the lower surface is lower than that of the upper surface at the leading edge. Moving down to the
trailing edge, at X/C = 0.612, the Cp value for both upper and lower surfaces intersects, after which Cp
for the lower surface increases gradually. This shows that the pressure for lower surface at the leading
edge is lower than the freestream pressure. Furthermore, as shown in Figure 6 for both aerofoil models,
at angle of attack of 0°, Cp value for the upper surface is lower than that for the lower surface. With
further increase in angle of attack, for example as indicated by Figure 7 for angle of attack of 10°, the
maximum suction peak value at the leading edge on the suction side significantly changes whereas the
value for the lower surface does not change much. It can be observed that Cp on the upper surface of
the FFA-W3-240 aerofoil has a big significant change compared to that for the FFA-W3-270 aerofoil.
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Figure 5: Cp versus X/ C at angle of attack of -4°
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Figure 7: Cp versus X/ C at angle of attack of 10°

The full separation starts to occur after the stall angle. By comparing the plot for angle of attack of

16° in Figure 8 and angle of attack of 18° in Figure 9, the separation point can be seen to start moving
forward. For instance, this situation can be observed for the upper surface of the FFA-W3-270 aerofoil
in Figure 8 and Figure 9 whereby as the angle of attack increases, the maximum Cp value starts to move
towards leading edge. This observation is in line with findings from other studies that, as the angle of
attack increases, the separation points progressively shift towards the leading edge [9]-[10].
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Figure 8: Cp versus X/C at angle of attack of 16°
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Figure 9: Cp versus X/C at angle of attack of 18°

Moreover, as indicated by Figure 7, the adverse pressure gradient begins to appear at angle of attack
of 10°. When the adverse pressure gradient increases, it will cause earlier separation for thinner aerofoil
but separation delay for thick aerofoil. Relative thickness affects the aerofoil performance by changing
the location and size of the laminar separation bubble. In the meantime, it can be seen that increasing
Reynold’s number is not much affecting the pressure distribution of both aerofoil except at low angles.

Meanwhile, as shown in Figure 10 for Reynolds number of 1.0 X 10°, stall occurs at angle of attack
of 14° with maximum lift coefficient 1.26 for FFA-W3-240 aerofoil. On contrary, stall does not occur
up until angle of attack of 18° for the FFA-W3-270 aerofoil with the same Reynolds number of 1.0 X
10° as depicted in Figure 11. Overall, both plots follow the typical trend of C;. versus angle of attack.
Once the angle of attack exceeds the stalling angle, the separation occurs and the lift reduces [11]-[12].
As depicted in Figure 10, increasing the Reynold’s number also increases the maximum lift coefficient
for the FFA-W3-240 model. However, effect of Reynold’s number is negligible for the FFEA-W3-270
acrofoil as can be observed in Figure 11.
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Figure 10: Cy. versus angle of attack for FFA-W3-240 aerofoil
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Figure 11: Cy. versus angle of attack for FFA-W3-270 aerofoil

On the other hand, Figure 12 and Figure 13 depict the plot of Cp versus angle of attack for FFA-
W3-240 and FFA-W3-270 aerofoil, respectively. For FFA-W3-240 aerofoil, at Reynolds number of 1.0
X 10° the drag coefficient at stall angle is shown to increase by over 5.48% compared to that at Reynolds
number of 0.8 X 10°. However, variation of Reynolds number has insignificant effect on drag coefficient
value for the FFA-W3-270 aerofoil. The findings are in line with the results in another study, which has
discovered that increasing the thickness of the aerofoil is associated with higher drag coefficient and an
earlier occurrence of flow separation on the upper surface of the aerofoil [6].
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Figure 12: Cp versus angle of attack for FFA- Figure 13: Cp versus angle of attack for FFA-
W3-240 aerofoil W3-270 aerofoil

Last but not least, the resultant pitching moment coefficient of both FFA-W3-240 and FFA-W3-
270 aerofoil are shown in Figure 14 and Figure 15, respectively. For FFA-W3-240 aerofoil, at Reynolds
number of 1.0 X 10°, the value of pitching moment coefficient at stall point is slightly higher than that
at Reynolds number of 0.8 X 10°. After the stall angle, the pitching moment coefficient start to decrease.
This situation can be contributed to the flow separation during stall that leads to significant decrease in
lift generation. Since the pitching moment coefficient is a measure of the balance between the lift forces
acting on airfoil, the reduced lift after stall contributes to a decrease in the pitching moment coefficient.
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Both FFA-W3-240 and FFA-W3-270 aerofoil are engineered to maintain a relatively constant pitching

moment coefficient across a spectrum of angles of attack. Furthermore, since the moment coefficient

is computed around the aerodynamic center point (C/4), influence of angle of attack is minimized [8].
Angle of Attack (a) Angle of Attack (a)

0 5 10 15 20 0 5 10 15 20
S S | 0 T S — |

Re= 0.8 X 10° Re= 0.8 X 10°
=~ Re=1.0X 10° *— Re=1.0X 10°

-0.05-

0.1+

—

Pitching Moment Coefficient (Cy)
Pitching Moment Coefficient (Cy)

-0.15+

Figure 14: Cy versus angle of attack for FFA- Figure 15: Cy versus angle of attack for FFA-
W3-240 aerofoil W3-270 aerofoil

4. Conclusion

When compared to FFA-W3-270 aerofoil, it is found that pressure coefficient on the upper surface
of FFA-W3-240 aerofoil has undergone a significant change. When the adverse pressure gradient grows,
it causes separation to occur sooner for thinner airfoils but later for thicker airfoils. The findings from
this study demonstrate that FFA-W3-270 aerofoil performs better than FFA-W3-240 aerofoil because
a high performance requires the flow attachment to be maintained for as long as possible to maximize
the lift generation. Regarding the lift coefficient, a higher maximum relative thickness results in a greater
maximum lift. Elevating the Reynolds number boosts the maximum lift coefficient for FFA-W3-240 at
Reynolds number of 1.0 X 10° with lift coefficient of 1.26 at angle of 14°. On contrary, for FFA-W3-
270, stall does not occur until 18°. Increasing the Reynolds number for FFA-W3-240 amplifies the drag
coefficient at the stall point by over 5.48%. For both aerofoil, the pitching moment coefficient remains
relatively constant across various angles of attack. In the future works, it is advised to change the angle

of attack up to 30° and alter the Reynolds number to notice more on the flow separation especially on
the FFA-W3-270 aerofoil.
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