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ABSTRACT

During takeoff and approach to land, all aircraft move at low speed and high lift so that the wing
is one of the main components of an airplane that has the basic function of being able to produce
good aerodynamic performance characteristics so that objects can be lifted and maintain their
position in the sky. In this study, an airfoil geometry with the NACA 0012 and NACA 4415 series
was tested using ANSYS Fluent software at a speed of 200 m/s. To obtain maximum performance
in this geometry, a variation of the angle of attack from 0° to 20°, was given so that the lift and
drag force were obtained from each angle of attack. From the simulation and calculation results,
the highest lift coefficient and drag coefficient in the NACA 0012 Airfoil simulation are at an angle
of attack of 20°, is 0.5106 and 0.07829. Meanwhile, in the NACA 4415 Airfoil simulation, the
highest lift coefficient is at an angle of attack of 20°, is 0.64623 and 0.08238.

Keywords: NACA Airfoil, ANSYS Fluent, CFD

120 | VANOS Journal Of Mechanical Engineering Education
Volume 10, Number 1, May 2025 ISSN 2528-2611, e-ISSN 2528-2700


mailto:medyawanti.pane@uki.ac.id
http://jurnal.untirta.ac.id/index.php/vanos

INTRODUCTION

Wings are the main components of an
aircraft, which have a basic function to
produce good aerodynamic flight
performance characteristics in all conditions
and flight attitudes, such as takeoff, and
landing [1] [2] [3]- These characteristics
relate to its behavior towards the wind energy
it receives, such as lift and drag at various
angles of attack and wind speeds that hit it. In
other words, it can be said that the
aerodynamic performance characteristics of
an aircraft are largely determined by the
success of designing the aircraft wing itself [4]
[5] [6].

In addition to the wing shape, changes in
the angle of attack also affect the shift in the
stagnation point or expansion point in the
leading edge area of the airfoil body surface,
which then affects the overall aerodynamic
characteristics [7] [8]. The greater the
pressure difference between the upper and
lower sides of the airfoil body, the greater the
lift force [9] [10].

The lift force on an airplane occurs due to
the aerodynamic force produced by the fluid
when it passes through the airfoil, causing the
pressure under the wing to be higher than the
pressure above the wing of an airplane
traveling at high altitude (flying) [11] [12].

Aerodynamic characteristics of the wing
is calculated by simulation and analysis which
is CFD (Computational

software, namely ANSYS Fluent R.18 [13] [14].

Fluid Dynamic)

This software is expected to be able to solve
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the calculation and analysis problems related
to aerodynamics, in addition to the simulation
[15] [16]. Before the simulation is carried out,
the 3D model is first drawn using SolidWorks
software.

In this study, the NACA 4-digit series
airfoil model is 0012 and 4415 against varying
angles of attack. This study aims to determine
the effect of the airfoil angle of attack on the
distribution of speed, pressure, lift coefficient,
and drag coefficient [17] [18] [19]. The
variations in the angle of attack used are 0°, 5°,

15°, and 20°.

RESEARCH METHOD
In this research, the 4-digit series 0012
and 4415 NACA Airfoil geometry design can be

seen in Figure 1.

Figure 1. NACA Airfoils 0012 and 4415 [20]
Next, the NACA 0012 and 4415 airfoil 3D
model will be designed using the software

SolidWorks shown in Figure 2.

Figure 2. NACA 0012 Airfoil design using

Solidworks
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Followed by Computational Fluid
Dynamic (CFD) analysis techniques using
ANSYS R 18 software. The model used in
ANSYS Fluent is K-Epsilon 2-eqn Standard
with an inlet speed of 200 m/s. K-Epsilon 2-
eqn Standard is used because relatively
efficient to solve compared to more complex
models like Reynolds stress models or large

eddy simulations [21] [22] [23].

RESULT AND DISCUSSION

Based on simulation results on the NACA
0012 and 4415 Airfoils, the pressure around
and velocity streamline the Airfoil are
obtained. The pressure contour for NACA
0012 and 4415 around the wing, in this case,
the upper and lower wings are shown in
Figure 3 to Figure 6 while the velocity
streamline for NACA 0012 and 4415 is shown
in Figure 7 to Figure 8.

Figure 3. Pressure contour NACA 0012 upper

wing area at an angle of 15°

Figure 4. Pressure contour NACA 0012

underwing area at an angle of 15°
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Figure 5. Pressure contour NACA 4415 upper

wing area at an angle of 15°

Figure 6. Pressure contour NACA 4415

underwing area at an angle of 15°

—

Figure 7. Velocity streamline NACA 0012 at

an angle of 15°

Figure 8. Velocity streamline NACA 415 at an
angle of 15°
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Figures 3 to 6 show the magnitude of the
pressure on the upper and lower sides of the
NACA 0012 and 4415. The figure above shows
that the pressure on the lower side is higher
than on the upper side of the wing.

Meanwhile, the results of the lifting force
and drag force of NACA 0012 and 4415 are
shown in Table 1 and Table 2.

Table 1. NACA 0012 simulation results with

varying angles of attack

Angle of Lift force Drag force
attack (N) (N)
0° 290 731
5° 41.320 2.060
10° 82.060 6.114
15° 121.100 13.110
20° 158.200 23.180

Table 2. NACA 4415 simulation results with

varying angles of attack

Angle of Lift force Drag force
attack (N) (N)
0° 35.080 1.649
5° 78.080 1.653
10° 118.180 9.984
15° 156.100 17.840
20° 191.700 24.440

By obtaining simulation data, the lift
coefficient and drag coefficient of Airfoil NACA
0012 and 4415 can be calculated. Lift and drag

coefficients can be calculated using the

formula:
C, = l
L7 05xV2x A
Fy
Cj=—————F—
a7 05xV2x A

Where C; is the lift force coefficient, Cq is
the drag force coefficient F, is the lift force that
occurs, Fq is the drag force that occurs, V is
fluid speed and A is model area [24] [25] [26].
By using the formula above, the lift and drag
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coefficients for Airfoil NACA 0012 and 4415
are obtained for the two types of NACA shown
in Table 3 and Table 4.

Table 3. NACA 0012 calculation results

Angle of Coefficent Coefficent
attack drag lift

0° 0,0024850 0,0009870

5o 0,0068080 0,1395690

10° 0,0207600 0,2791390

15° 0,0374450 0,4084960

20° 0,0782950 0,5106200

Table 4. NACA 4415 calculation results

Angle of Coefficent Coefficent
attack drag lift
0° 0,0053930 0,1179880
5o 0,0155070 0,2629440
10° 0,0333730 0,3708190
15° 0,0573080 0,5056630
20° 0,0823890 0,6462370

Table 3 and Table 4 shows the lift
coefficient and drag coefficient for two types
of NACA Airfoil 0012 and 4415. Based on the
results of the calculations above, variations in
the angle of attack on the drag and lift forces
can be compared as shown in Figure 9 and

Figure 10.
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Figure 9. Graph of variation of angle of attack

with drag coefficient
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Figure 10. Graph of variation of angle of

attack with lift coefficient

Figures 9 and 10 show the magnitude of
the drag and lift coefficients based on the
variation of the angle of attack. From the
figure, the magnitude of the drag and lift is
greatest at an angle of attack of 20°. The
magnitude of this lift coefficient is needed so
that the force can overcome the weight due to
the pull of the earth's gravity or the lift force
must be greater or equal to weight force so
that the object can be lifted and maintain its
position [27] [28] [29].

The lift coefficient value in figures 9 and
10 is higher than the drag coefficient value,
this is due to the geometric shape of the airfoil
which, when placed in a fluid flow, will
produce a lift force that is greater than the

drag force [30] [31] [32].

CONCLUSION

Based on the simulation results at a fluid
velocity of 200 m/s, the highest lift force for
the NACA 0012 and 4415 Airfoils is at an angle
of attack of 20° namely 158,200 N and
191,700 N, while the highest drag force is atan
angle of attack of 20°, namely 23,180 N and
24,440 N. The highest lift coefficient for the
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NACA 0012 and 4415 Airfoils is at 0.510620
and 0.64623, and the highest drag coefficient
is at an angle of attack of 20°, namely 0.07829
and 0.082389. From the simulation and
calculation results on both NACAs, it can be
seen that the magnitude of the lift and drag of
the NACA 4415 airfoil demonstrated better
aerodynamic performance than NACA 0012,
generating higher lift at all tested angles.
Although it produced slightly more drag, its
superior lift makes it more suitable for low-
speed, high-lift applications such as takeoff

and landing
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