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Abstract: In this article, the aerodynamic performances of 3D wings coded NACA 6415 and NACA 6615 are
investigated at different angles of attack and speeds. Analyzes were performed at 200 km/h and 700 km/h speeds,
between 0 and 36 degrees angle of attack. The obtained results showed the changes in lift, drag and moment
coefficients depending on the angle of attack and speed of the wings. In addition, it was determined that the highest
lift/drag ratios for both wing types were obtained at 0 degrees angle of attack. These results can be used as a
reference source for the acrospace industry.
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1. INTRODUCTION

One of the pioneers of aerodynamic studies that gained momentum after World War II, NACA
(now known as NASA) started producing wing profiles for aircraft. Wings are profile structures
used to generate lift force. The naming of the sections of a airfoil is shown in Figure 1.
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Figure 1. For captions, please use the figure description style [1]

When studying the wing structure, the part of the wing that first comes into contact with the air
is called the leading edge, while the part where the air separates from the wing is called the
trailing edge. The line that connects these points is called the chord line. The curve that passes
through the center of the upper and lower surfaces and connects the leading and trailing edges
is called the camber curve [2].

Wings are numbered according to the ratios of these lines. If we examine the NACA 6415 wing,
the first digit 6 indicates that the wing has a maximum camber ratio of 6%. The second digit 4

indicates that the wing's maximum camber is located 40% of the distance from the leading edge.
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From the last two digits being 15, we understand that the wing's maximum thickness is 15% of
the chord length [3].

As with many other fields, the method of dimensional analysis has been utilized in
aerodynamics as well. In the case of wings, the dimensionless forms of forces are more
meaningful. The formulas for the dimensionless forms of lift force, pitching moment, and drag
force are shown in Table 1.

Table 1. The fundamental dimensionless quantities in aerodynamics[4]

Physical Quantities Unit Dimensionless Form
D
Drag Force (D) Newton Cp = 1 5
7 pVOO S
Newton —M
Pitching Moment (M) Cu = 1
meter 5 pV,2Sc
L
Lift Force (L) Newton (L= 1 5
7 pVOOS

Table 1 shows the dimensionless forms of the lift coefficient C;, drag coefficient C,, and moment
coefficient Cy,. Here, p represents the density of air, V,, denotes the free stream velocity, S
represents the wing reference area, and c represents the wing chord length.

The lift force is the upward force on the aircraft's wing caused by the pressure difference between
the upper and lower surfaces of the wing. The drag force is also known as the required motor
force. The pitching moment is the moment that moves the leading edge of the wing clockwise or
counterclockwise along the wing's chord line. A clockwise moment is considered positive.

The airflow over the top surface of the aircraft wing flows faster due to the wing's shape and
angle. This faster flow creates low-pressure areas on the wing's upper surface according to the
Bernoulli equation. These low-pressure areas are lower than the air pressure on the wing's lower
surface, causing the wing to generate an upward lift force. The generated lift force increases as
the angle of attack of the wing increases. However, if the angle of attack of the wing is too high,
the airflow over the wing's surface can separate, causing the lift force to suddenly decrease or
completely disappear. The separation of the airflow over the wing's upper surface indicates that
the wing has "stalled". In this case, the lift force generated by the wing decreases or disappears.

Another factor that affects the stall condition is the speed of the airflow. Even if the wing has not
reached high angles of attack, a decrease in airspeed can cause the wing to enter a stall condition.
To understand how the stall condition appears on the wing, the image of a wing in stall condition
used in this study is provided in Figure 2.
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Figure 2. Streamlines of ;wmg in a stall condition.

2. MATERIAL and METHODS

In this study, ANSYS 19.2 program's "Fluent" package was used for numerical solutions of flow
analysis and "Static Structural" package was used for static analysis. The coordinates of two
wings analyzed, NACA 6415 and NACA 6615, were obtained from the internet [5].

Using these wing coordinate values, geometry was created in the ANSYS program, with a wing
span of 1 meter. Two "I" beams were placed on the wing profile to divide the wing into three
sections along the X-axis of the wing. The placed 'T' profile beams were positioned to enhance
the structural strength of the wing. The beams were extended to 4 meters in length and
intermediate profiles of 10 mm were placed on them along the wing at intervals of 10 mm. These
intermediate profiles were densely placed on the side of the wing connected to the aircraft body
and gradually became sparse towards the other side, creating 7 sections on the wing. Finally, a
thickness of 10 mm was given for the outer skin of the wing. The final form of the wing is shown
in Figure 3.

Figure 3. NACA 6615 wing profile

The wing was fixed with the condition of taking the aircraft connection part as the origin, and a
control volume was drawn around the wing to represent the airflow. This control volume is shown
in Figure 4.
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Figure 4. Control volumé of airflow

The generated geometry was transferred to the Fluid Flow section. Meshing was applied to the

entire volume, with denser meshing near the wing edges. The meshing image is shown in Figure
5.

Figure 5. Mesh view of the control volume

After the meshing was completed, the final settings were adjusted from the "Setup" section.
The air flow velocity was first set to 200 km/h, then 700 km/h. Since the pressure at the outlet
of the air is atmospheric pressure, it was entered as zero (0) Pa. The standard k-epsilon
turbulence model was selected as the flow type, and the analysis was started with 2000
iterations.

After the flow analysis was completed, the "static structural" section was used for static
analysis. In this section, meshing was performed on the wing itself instead of the air, and the
mesh view of the wing is shown in Figure 6.
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Figure 6. Mesh view of the wing
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After the meshing process, two boundary conditions were applied. The first one is the "fixed
support" used to fix the wing, and the second one is the "fluid-solid interface" required to apply
forces onto the wing. For the fixed support, the part where the wing will be connected to the
aircraft was selected, while for the fluid-solid interface, the outer surface of the wing was
selected. Afterwards, the desired force and moment reactions to be seen after the analysis were
selected from the "results" section.

In the selection of the wing material, the usage ratios in aviation were researched, and
accordingly, the material was chosen. Mechanical properties and costs were also taken into
consideration, and Aluminum 7075-T6 (Al 7075-T6) was selected as the wing material. The
mechanical properties of the material are given in Table 2.

Table 2. The mechanical properties of Al 7075-T6 [6]

. Shear Yield
. Density Rupture
Material (g/em’) Stress (MPa) Stress Stress
& (MPa) (MPa)
Al17075-T6 2.81 572 331 503

Analyses have been conducted for this wing at 0° to 36° angles of attack at 200 km/h and 700
km/h speeds. Then, for comparison with a NACA 6415 wing made entirely of the same
dimensions and material, it was analyzed under the same conditions and values. The profiles of
the two wings used are given in Figure 7.

Figure 7. From top to bottom, NACA 6415 and NACA 6615 wing profiles

3. RESULTS and DISCUSSION

The results obtained from the analyses have been presented in the form of graphs. Figure 8 shows
the variations of lift coefficients with respect to angle of attack.
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Figure 8. Lift coefficient graph

When examining Figure 8; at 0 degree angle of attack and 200 km/h speed, the lift coefficient of
NACA 6415 is 0.823, while NACA 6615 has a lift coefficient of 0.986. At 700 km/h speed and
0 degree angle of attack, the lift coefficient of NACA 6415 is 0.824, while NACA 6615 has a lift
coefficient of 1.01.

The NACA 6415 wing reaches its maximum lift coefficient at a 27 degree angle of attack and
200 km/h speed, and at a 33 degree angle of attack and 700 km/h speed. The NACA 6615 wing
reaches its maximum lift coefficient at a 24 degree angle of attack and 200 km/h speed, and at a
27 degree angle of attack and 700 km/h speed.

When examining these values, it is seen that the angle at which the wings reach maximum lift
coefficient changes according to speed. However, it is observed that the speed of the air does not
affect the lift coefficient before reaching the maximum lift.

It is known that the wings enter the stall condition after the maximum lift point, so no further
analysis was carried out beyond those angles. Figure 9 shows the variation of the drag coefficients
of the wings with respect to the angle of attack.
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Figure 9. Drag coefficient graph

When Figure 9 is examined, it can be seen that the lift coefficients are independent of speed. In
the range of 0-18 degrees angle of attack, NACA 6615 produced more drag coefficient, while
NACA 6415 produced more drag coefficient at angles greater than 15 degrees.
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In another study of ours, we had observed that the maximum value of the lift coefficient increases
in relation to the airflow velocity [7].

Figure 10 shows the variation of the CL/Cp values of the wings with respect to the angle of attack.
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Figure 10. Wing efficiency graph

Figure 10 shows the wing efficiency graph in terms of the lift-to-drag ratio (CL/Cp) versus angle
of attack. This expression represents the amount of lift generated per unit of drag produced by
the wing, known as wing efficiency. Upon examining Figure 10, it can be concluded that both
wings operate at maximum efficiency at a 0 degree angle of attack. As the angle of attack
increases, the efficiency values of the wings decrease. While the NACA 6615 wing initially
operates less efficiently than the NACA 6415 wing, it becomes more efficient than the latter at
approximately 13 degrees of angle of attack. The rate at which the efficiency decreases with
increasing angle of attack is greater in the case of the NACA 6415 wing.

Figure 11 shows the variation of moment coefficients obtained from the pitching moment of the
wings with respect to angle of attack.
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Figure 11. Moment coefficient graph
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Figure 11 shows the variations of the pitching moment coefficients of the wings with respect to
the angle of attack obtained from the pitching moment balance. When examining Figure 11, it is
seen that the wings reach their maximum pitching moment coefficients at the angle of attack
where their maximum lift coefficients occur.

NACA 6415 wing still generates a negative pitching moment at 3 degrees angle of attack, while
NACA 6615 wing generates a negative pitching moment at 6 degrees angle of attack. It is
observed that the moment coefficient value of NACA 6415 wing is greater than NACA 6615
wing at both speed values.

Figure 12 presents the variations of the deflection angles of the wings with respect to the angle
of attack.
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Figure 12. Deformation graph
When Figure 12 is examined, it is observed that the maximum deflection value is reached at the
angle of attack where the maximum lift coefficient is obtained. Unlike the previous graphs, the
effect of the velocity factor is seen in the deflection values. At high speeds, much larger deflection
values are observed due to the larger dynamic force created by the increased speed. Although it
is not significant at low speeds, it has been observed that the NACA 6615 wing reaches higher
deflection values than the NACA 6415 wing. However, when looking at the maximum deflection
value, it is seen that the NACA 6415 wing has reached a higher deflection value.

Figure 13 shows the changes in shear stresses with respect to the angle of attack.
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Figure 13. Shear Stress graph

Figure 13 shows the graph of shear stresses. Upon examination of Figure 13, it can be seen that
the shear stresses exhibit a similarity to the deformation value graph. Although the NACA 6615
wing is initially subjected to higher stress at a speed of 700 km/h, the NACA 6415 wing
experiences more shear stress after a 15-degree angle of attack. It has been observed that the rate
of increase in shear stress of NACA 6415 with respect to angle of attack is higher than that of
NACA 6615.

6. CONCLUSION and SUGGESTIONS

In this study, two different wing profiles were modeled using Ansys Fluent software, and the
aerodynamic parameters of the wings at different speeds were numerically analyzed. Airflow
speeds of 200 km/h and 700 km/h were applied to both wings, and the wings were analyzed at
certain angles ranging from 0° to 36°.

When the lift coefficients of the wings at 0° angle of attack were examined, we see that NACA
6615 has a higher lift coefficient. As the angle of attack increases, the difference between them
decreases and after approximately 18 degrees, this difference disappears. An increase in the lift
coefficient means more lift force. In this regard, NACA 6615 has an advantage in terms of lift
coefficient.

When looking at the drag coefficients, it is seen that NACA 6615 has a higher drag coefficient
between 0-18 angles of attack. However, after this angle, since the increase rate of drag
coefficient in NACA 6615 is lower than NACA 6415, NACA 6415 produces more drag
coefficient. A high drag coefficient means the aircraft consumes more energy, which is an

undesirable situation. In this case, it is seen that NACA 6615 consumes more energy than
NACA 6415 after the 0-18 degree range.

To better compare the lift and drag coefficients, the efficiency expressions of the wings were
examined. When looking at the CL/CD ratios, it is seen that NACA 6415 works more efficiently
in the range of 0° to 12° angle of attack, while NACA 6615 works more efficiently after 12
degrees. It is observed that as the angle of attack increases, the efficiency of the wings decreases.
When the moment coefficients were examined, it was observed that taking the maximum
camber from 40% to 60% had a negative effect. The NACA 6615 wing produced a lower
moment coefficient than the NACA 6415 wing.
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Looking at the lift, drag, moment coefficients and efficiency expressions, we see that
approximately the same results are obtained at both 200 km/h and 700 km/h speeds. Based on
these graphs, we can say that the coefficients produced by the forces generated due to the
aerodynamic shape of the wing are independent of the airflow rate. The increase in speed only
changed the maximum lift angle, which is due to the increase in the stall angle.

When we look at the deflection and shear stresses of the wings, we see that taking the maximum
camber to 60% caused the wing to lose strength at low angles.

In conclusion, the differences between the NACA 6415 and NACA 6615 wings require a
selection based on flight conditions and performance requirements. In aircraft design, wing
profile shapes should be carefully selected to direct airflow in the most suitable way and balance
lift force and resistance.
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