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Abstract— To determine the aircraft’s flight performance, the
airfoil type must be considered when designing the wing. A vortex
can form when the airfoil travels through a fluid stream with a
difference in velocity and pressure around it. Airfoil modification
is carried out to delay the occurrence of flow separation by adding
a vortex generator. This paper discusses how adding the vortex
generator helps slow the stall’s onset and how the vortex generator
affects the fluid flow and aerodynamic forces acting on the NACA
632-415. The vortex generator profile is positioned at an x/c = 20%
of the chord line’s direction from the leading edge. The variation
used is an airfoil’s angle of attack (a). Some parameters to be
evaluated include the coefficient lift force (CL), the coefficient
drag force (CD), and the gliding ratio (CL/CD). The research was
conducted by the CFD method based on the angle of attack that
produces the coefficient lift and drag forces. The addition of the
vortex generator can delay the flow separation, increase the lift
force coefficient by about 24.9%, the drag force coefficient by
about 2.7%, and the gliding ratio by 9.1%.

Keywords— angle of attack, CFD, coefficient lift, gliding ratio,
vortex generator.

I. INTRODUCTION

Extreme weather often encourages humans to take several
preventive and countermeasures, one of which is the operation
of weather modification technology. One of the methods used
in this activity is seeding using NaCl sown in the clouds, so it
requires an airplane. With special weather modification needs,
the aircraft also requires good aerodynamic performance. The
aerodynamic aspect will affect the flying performance of an
aircraft. Modifying the aircraft components with aerodynamic
aspect values is necessary to improve the aerodynamic
aspects. The wing design determines the main aircraft
component that produces the lift and the drag forces [1].
Everything that happens in the aircraft wing area, between the
wing tip and the wing root, will impact the magnitude of the
lift force and the resulting drag force [2].

The ideal wing design should theoretically have an
infinitely long span. However, this prevents wings from
having an infinite span length. As a result, the aircraft’s wings
have limited dimensions that are proportional to the length of
the fuselage. The limited span of a wing will impact the
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aerodynamic performance of a wing capable of producing
flow separation due to the difference between the two
boundary layers in the area of the wing root and tip. The vortex
flow on the aircraft wing through the airfoil can be caused by
differences in the flows. The airflow coils make the drag force
stronger and the lift force weaker. The aircraft's performance
will suffer when the drag force coefficient is high. Therefore,
the airfoil’s design must be modified to achieve the desired lift
force coefficient and minimize the drag force coefficient [1].

To determine flight performance, paying attention to other
aspects such as taper ratio, aspect ratio, and sweep angle is
necessary. The aspect ratio is determined by comparing the
length of the aircraft wing span to the average aerodynamic
chord or the ratio of the square of the length of the wing span
to the chord. So that the stall angle decreases proportionally to
the wing’s AR, the maximum lift coefficient will increase if
the AR value increases [2].

The ratio between the front of the chord (root chord) and
the chord’s tip (tip chord) is the taper ratio. The effect of the
taper ratio on how the wing weight is distributed is that if the
value of the taper ratio is lower, the wing weight will be lighter
because the center of gravity will move toward the fuselage,
which produces lateral stability. The taper ratio determines the
aircraft’s wing planform. The taper ratio decreases with
decreasing wing thickness [3]. Another aspect to determine
the flight performance is sweep angle. The sweep angle is the
angle that forms between the lateral angle and the chord line
that runs along the aircraft’s wing span [4].

The Fig. / explains the boundary layer on the airfoil
surface. At the leading edge of airfoils, a laminar boundary
layer is formed. The flow of velocity is relatively low near the
leading edge. The fluid can dampen flow disturbances brought
on by vibrations and irregularities at the surface boundary,
preserving laminarity at the boundary layer. Shear forces and
viscosity cause more flow disturbance the further away from
the leading edge [5]. A laminar boundary layer will form near
the leading edge of the fluid flow that is moving and encircling
the airfoil surface. The fluid can still accept any disturbances
the flow may encounter due to irregularities and vibrations at
the boundary surface. As a result, the boundary layer
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continues to be laminar. Due to the fluid’s viscosity and
increased shear forces, as it moves away from the leading
edge, the flow will enter a transition state before becoming a
turbulent boundary layer [5].

U-Uniform velocity field upstream

—_—

LBL- Laminar boundary layer
—_— TBL- Turbulent boundary layer
T- Transition
S- Separation point

Fig. 1 Boundary layer state [6]

The fluid flow holding the airfoil in place forms a
stagnation region in addition to the laminar boundary layer
and the turbulent boundary layer. When the fluid meets the
airfoil at the leading edge, it is called stagnation point. The
fluid velocity is zero, and the pressure extremely high in the
stagnation area. An area of separation is characterized by a
negative pressure gradient in which the fluid’s pressure rises
while its velocity decreases. Backflow occurs on the surface
of the airfoil due to this this phenomenon [5].

A wing made from the shape of the airfoil. When its span
is extended to resemble a finite wing, an airfoil ceases to be
two-dimensional even though it has lift and drag forces. A
vortex is the rolling airflow at the wing tip [7]. Because if the
difference in pressure between the surfaces of the upper and
lower of the airfoil, the vortex can form. The stream will roll
down the back of the wing as plane moves forward. When
rolling flow induces a section behind the wing, which ini turn
induces changes in local flow around the wing, the AOA
induced by a downward vector [3].

As they travel through the air, airplane wings typically
move in the same direction as the airflow. The term angle of
attack (AOA) refers to the angle formed by the airflow’s
direction towards the chord line [7]. The value of AOA
produce by the aircraft wing has an impact on the lift force
value. The variation in the AOA will have an impact on the
lift value. The AOA will affect the lifting force differently. As
the AOA is raised and the center of pressure moves forward,
the lift force will rise [8].

A wake area is a space in a fluid flow created by flow
separation [5]. The pressure and flow velocity fluctuate along
the airfoil’s surface. The airfoil’s leading edge typically
results in the formation of a laminar boundary layer. When the
boundary layer expands, a transition from a turbulent
boundary layer to a laminar boundary layer will occur. The
fact difference between turbulent flow and laminar flow is that
the random oscillatory motion of turbulent flow is
significantly more effective that molecular motion in
transporting the mass and momentum of the fluid [9]. The
aerodynamic properties are significantly affected by the
significant distraction between turbulent flow and laminar
flow. Both of the have distinct profiles, with turbulent flow
appearing wider or fuller than laminar flow. The velocity of a
turbulent profile decreases to zero at the surface and stays
fairly close to the free-flow velocity from the outer edge to a
point near the surface. In contrast, from the outer edge to the
surface point, the velocity gradually falls to zero in a laminar
profile [1].

Layers with greater turbulence at the boundary always
generate more full momentum, resulting in stronger
momentum close to the friction plane’s surface. The more full
a flow is, the more turbulent it is. Compared to laminar flow,
the turbulent flow has a velocity profile with a thicker
disturbance thickness but a much larger momentum near the
wall [3]. The wall provides ample momentum, allowing the
more turbulent flow to overcome the pressure and frictional
resistance despite the identical free flow velocity. Near wall
flow is better able to withstand adverse pressure by increasing
flow turbulences, which reduce likelihood of secondary flow.
It will make an effort to increase the turbulence flow by adding
a turbulent generator to the supporting area [10]. A type of
turbulent generator known as a vortex generator (VQG) is
shaped like fins. the installation of VG is needed to generate
lift on the aircraft. As a result, the lift force for each VG
produces a change in flow on the aircraft wing [11].

The most important factor in determining the value of
flying efficiently is the aircraft’s aerodynamic performance.
The adverse pressure gradient causes boundary layer
separation, which impacts flight performance [1]. Installing a
turbulent generator on the airfoil’s upper surface is one
measure to lessen the impact. A vortex generator is one type
of turbulent generator [5]. The vortex generator or VG can be
used to increase the lift on the airfoil in one of several ways
that have already been implemented [12][13][14].

A method of numerical analysis known as computational
fluid dynamics (CFD) makes use of a computer to obtain
information (predictions) about the patterns of fluid flow
under specific time and space conditions. In addition to being
unique to the flow of air, this is used for pressure distribution
analysis. The CFD method makes it easier, more effective, and
more efficient to predict fluid flow in various systems
(designs) than when the design was directly applied to the
experimental method. In addition, the CFD-based fluid flow
prediction results are more comprehensive than those from the
experimental approach, which has problems with measuring
instruments' accuracy, availability, cost, and precision [15].

II. METHODOLOGY

A modeling-simulation approach is utilized in this study.
The amount of Cr, Cp, and the gliding ratio will be determined
using the simulation-generated data. The approach generally
consists of two stages: airfoil model simulation through flow
simulation and geometry modeling through the input of airfoil
coordinates. The simulation uses a range of angle of attack
from 0° to 25° with interval 5°. The details of coordinates of
NACA 63>-415 shows in Fig. 2.

AAAAAAAAAAAAAA

Fig. 2 NACA 632-415 coordinates

This study using a wing of Piper Cheyenne that uses the
NACA 632-415 airfoil as it shapes. And also, vortex generator
geometry data that mentioned in TABLE 1.
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TABLE I AIRFOIL AND VORTEX GENERATOR PARAMETERS

Piper Cheyenne Il Vortex Generator
Parameter Dimension Parameter Dimension
Wing Span 200 mm Length 40 mm
Chord Line 260 mm Spacing 110 mm
Freestream 25,72 m/s Thickness 1mm

Range angle of -0°, 59, 109, 15° .

attack , 200, and 25° Height 0.75mm

Type NACA 63(2)-415 x/c 0.2 mm
Gothic co-

Entrance Type
Position rotating
Region
Total 26 pcs

The flow diagram is required to describe the study’s process
because the design steps can be performed, as shown in Fig.
3.

(st )

Airfoil NACA 63-
415 and the fluida
data
NACAG63,-415 ‘
geometry design
Without
Vortex
Generator
20° 25°

‘ Data Analysis ‘

12

Optimum Value Selection

Conclusion

( End )

Fig. 3 Flowchart of methodology

The tools used in this project are computer and software
ANSYS 17.1. the material used is the airfoil on the Piper
Cheyenne II PA-31T (NACA 632-415). The research was
conducted from a variety of angle of attack. The first step is
pre-processing by creating a geometry model of Piper
Cheyenne II PA-31T wings and a vortex generator model,
determining the boundary conditions on the airfoil. Second
step is to analyze the data from the simulation. The final step
is to analyze the simulation’s data and draw conclusions from
the result [16]. Descriptive statistics are used to analyze the
data by performing a data analysis of the collected. The lift
and drag force graphs created by the ANSYS FLUENT
simulation software.

III. RESULT AND DISCUSSION

In two experiments, the simulation on the airfoil without
the addition of VG and the simulation on the airfoil with the
addition of VG. The outcomes of the airflow profile analysis
simulation on the airfoil using the ANSYS FLUENT software
were demonstrated. This analysis was carried out to determine
the characteristics of the fluid passing through the airfoil
without adding a VG and the characteristics of the fluid
passing through the airfoil with addition of a VG. The
aerodynamic characteristics considered on this analysis are
both airfoils’ lift and drag coefficient. Each experiment was

carried out with variations in the angle of attack starting from
0° until 25° with interval 5°. The speed of aircraft is 50knots.
The flow phenomena that occur around NACA 632-415 airfoil
can be qualitatively explained through visualization which
based on numerical data simulation. From the Fig. 4, the
changes in AOA variations can be seen to have shifted the
stagnation point downward. Therefore, the stream’s leading
edge moves faster toward the upper surface of airfoil. Visually
the airfoil with the addition of VG shows reduction the wake
area on the airfoil without adding VG at an angle of 10°.
Meanwhile, at an 5°, the airfoil without VG has a larger wake
area. At each increasing in AOA, the airflow velocity contour
visible through the air experiences a great flow velocity on the
upper surface than on the lower surface. The air velocity of the
airfoil with adding VG shows more stable flow according to
the increasing AOA.

AOA Without VG

a=10°

a=15°

a=20°

a=25°

Fig. 4 Visualization of airflow velocity on NACA 63:-415 airfoil contours

Where the green area on the non-VG airfoil has a negative
pressure coefficient (-2.44x10% Pa until -1.03x10 Pa), while
the yellow and orange areas have a positive pressure
coefficient (2.865x10 Pa until 3.797x10? Pa). From Fig. 5 at
an AOA of 15° the comparison of pressure distribution that
occurs on the airfoil without the addition of a VG with the
distribution of pressure that occurs on the airfoil with the
addition of VG. In this simulation, the lower surface of airfoil
with adding a VG have a higher value than the lower surface
of airfoil without adding a VG that shows from the contour.

The decrease in the pressure value at the upper surface of
the airfoil makes airflow from the lower surface of airfoil to
upper surface of airfoil. If there is a very high pressure
difference, it will cause accelaration in the flow near the
endwall. The accelerated fluid will flow to the upper surface,
opposing the secondary flow’s backward flow and reducing
the secondary flow with high momentum.
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Fig. 5 Visualization of pressure distribution on NACA 632-415 airfoil
contours

Table II shows that the value of the lift coefficient can be
increased with the addition of VG. The largest increase in the
value of the lift coefficient occurred in the airfoil with adding
of VG at AOA 20°, which was 44.32%. While the smallest
increase was at AOA 5° which was 8.83%. Adding VG to the
airfoil with an AOA of 20° provides the advantage of
increasing the lift coefficient (Cr) value. This is possible
happen due to the velocity vector values that generate the flow
momentum in streamline direction that disrupts the flow and
speeds up separation.

TABLE I1 COMPARISON OF AERODYNAMIC VALUES ON AIRFOIL
WITHOUT VG AND AIRFOIL WITH ADDING VG

AOA Without VG Adding VG A
(a) Co Cp Cu/Cp Co Cp Cu/Cp Co Co Cy/Co
0° 0.156 0.014 11.064 0.133 0.012 11.359 14.81% 17.02% 2.67%
50 0.889 0.072 12.338 0.81 0.063 12.774 8.83% 11.94% 3.54%
10° 1.14 0.214 5.3148 1.309 0.204 6.4061 14.91% 4.66% 20.53%

15° 1.133 0.446 2.5423 1.594 0.508 3.1376 40.64% 13.96% 23.42%
20° 1.092 0.605 1.8057 1.576 0.883 1.7839 44.32% 46.08% 1.21%
25° 0.533 1.014 0.5255 0.755 0.631 L1971 41.64% 37.82% 12.8%

Fig. 6 Lift coefficient on NACA 632-415 shows a graphic
of coefficient of lift force value that have a bigger value for
aircraft with using VG. The highest value for coefficient of lift
force is 1.576 at AOA 20° after that the airfoil loses lift force
that causing a stall and the coefficient of lift becomes 0.775.
At AOA 15° and 20°, the coefficient of lift has the same range
value is about CL = 1.5.

25

15
=== Adding VG

Lift Coefficient

1 === \Vithout VG

0.5

Angle of Attack

Fig. 6 Lift coefficient on NACA 632-415

Fig. 7 shown a coefficient of drag also increases in
accordance with the increase in the coefficient of lift. At AOA
10°, the addition of VG resulted in the lowest drag coefficient
(4.66%), while at AOA 20°, the highest drag coefficient value
was recorded (46.08%). If there is a reduction in the drag
coefficient and an increase in flow momentum, the installation
of VG gives advantageous. When VG is attached to the airfoil,
the drag coefficient value also rises according with each
increase in AOA. Flow deflection, which makes it harder to
optimize VG usage, is probably due to the rising in the drag
coefficient's value. The value of the CL/Cp ratio has increased
after the addition of vortex generator by 23.42% at AOA of
15°. Due to an increase in AOA and an adverse pressure
gradient, this occurs. The flow resistance to frictional forces
increases.

8 === Adding VG
6 «=@==Vithout VG

Drag Coefficient

0 5 10 15 20 25
Angle of Attack

Fig. 7 Drag coefficient on NACA 63:-415

The graph indicates that the airfoil with VG has a lift
coefficient that is greater than that of the airfoil without VG.
In addition, the graph of the drag coefficient with VG has a
value that decreases at an AOA of 20°, indicating that the drag
coefficient can decrease in comparison to the graph of the drag
coefficient on airfoil without VG, which typically continues
to rise.

IV. CONCLUSION

This study's findings can be summarized that without the
addition of VG, the characteristic of aerodynamic for airfoil
have an increasing Cr value and a Cp value that also increases
with each increase in AOA. In addition, the characteristic of
aerodynamic for airfoil that were modified with VG, resulting
in an increase of 24.9% in the CL value and 2.7% in the Cp
value. The value of the aircraft's lift force can increase with an
increase in Cr. With VG at an AOA 20°, the airfoil saw the
greatest increase in CL. The value of CL/Cp coefficient ratio
rises by 9.1% when VG is added to an aircraft, resulting in
improved flight performance over aircraft without VG. For
this type of airfoil, at a 15° of AOA, the airfoil with adding
VG value is at its best.
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