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Abstract— Aerodynamic troubles in common are more and
further again complicated to work out by analytics
investigation. Investigational or numerical imitation is able to
use to investigate these computational models. Nevertheless
outstanding to the huge expenses required in the investigational
scheme, the numerical scheme is more chosen. This document
present the representation and imitation process of
computational fluid dynamic (CFD) trouble on an aircraft wing
model, using representative section as NACA 4412airfoil. This
wing model might be selected in the upcoming investigational
design. ANSYS Fluent is used to exploration of pressure and
speed allocation on the surface of wing. The lift and drag armed
forces are also ambitious by ANSYS Structural. In addition, the
coefficients of lift and drag forces can be intended through the
data obtain when the relative speed inlet among the airflow and
airfoil changes from 25 to 75 m/s. The numerical consequences
shown are companionable with individuals of the assumption,
thus suggestive of a dependable substitute to predict the
aerodynamic personality of the tested wing model in fabricate
the Unmanned Aircraft vehicle (UAV).

Index Terms — Aerodynamic lift and drag, airfoil.

Introduction

As the fastest means of moving accessible, aircraft has been
receiving more and trendier in modern living. This
attractiveness has led to many investigate intended build up
faster and safer aircraft!". A lot of apparatus based on CFD
investigation and numerical methods have been residential
and can verify to be extremely practical for the investigation
about the aerodynamic on an aircraft. That is significant to
propose the investigational UAV in the budding countries,
including Vietnam. The UAV can be second-hand together
for armed and various national application like coastal
supervision, weather conditions clarification, wooded area
fire monitor, technical data gather, etc.

Aerodynamics 21 js an extensive field of technicalities,
which studies the air force and moment necessary to have a
sustainable pressure group in air. Aerodynamic air force
acting on on the wing is named the lift in the way normal to the
air travel and the drag or the propulsive force in the way of the
air travel (show in Fig. 1). This air force depends on the flow
velocity far ahead of the object, which is called the relative
wind.
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Fig.1 propulsive force in the way of the air travel

An expansive range of aerodynamic troubles is connected
with the resolve of the contact between atmosphere and a aero
body affecting in it, such as an aircraft wing. Aerodynamic
researchers have been attracted in the optimal shape of the
airfoil, so as to supply the highest lift and the lowest drag to
wing for the duration of takeoff and while in air travel.

An airfoil is distinct as the state of a wing as seen in
cross-area ! "The basic geometry of the airfoil is (shown in
Fig.2). The primary methodical learning of airfoil shapes and
their performance was construct by the NACA series
(National Advisory Committee for Aeronautics ) .The chord,
curvature and thickness are the most significant facial
appearance of airfoil geometry. The presentation
characteristics of airfoils typically given include the lift,
pressure distribution, drag, and moment about the
aerodynamic center. principles used for these individuality
enclose been calculated by wind tunnel carrying out tests and
are also resolute from beginning to end geometric hypothesis
analysis, or by means of computational models with CFD
imitation apparatus. In the earlier statement of our assembly
M the wireless organize scheme was calculated to organize
and swap over information connecting aircraft representation
and support position. In this document, CFD investigation on
the aircraft wing representation using NACA 4412 airfoil are
perform by ANSYS software. The objective of this learning is
difficult the made-up wing representation, which strength be
used for scheming the opportunity UAV
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Fig.2 Basic geometry of the airfoil
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I. METHODOLOGY

A graphic of the geometry representation of the airfoil and
aircraft wing is (shown in Fig.3). There are more than a few
numbering graphic used to differentiate the outline of airfoil,
as NACA four digits, five digits, etc. In this learning, NACA
4412 airfoil ™ is used to propose the wing, in which the
primary digit is the greatest camber in hundredths of the
chord, the subsequent digit is the position of the greatest
chamber from the leading edge in tenths of the chord, and the
most recent digits correspond to the greatest thickness in
hundredths of the chord. The parameters are selected, such as
airfoil chord ¢ = 0.5m, airfoil span 1 =1.8m. These magnitude
are used to manufacture the investigational wing
representation, which are also dependable with the open data
of a quantity of analysis UAV sample in Vietnam

Fig. 3 Description of the geometry model
3. Airfoil arrangement:

This airfoil arrangement was experienced at two velocities
of 5 m/s and 10 m/s correspondingly with a Reynolds number
of 139,000, shape of airfoil 0.15003 m? and concentration of
atmosphere 1.228 kg/m’. [6] proposed a principle in which
another NN yield input control law was created for an under
incited quad rotor UAV which uses the regular limitations of
the under incited framework to create virtual control
contributions to ensure the UAV tracks a craved direction.
Utilizing the versatile back venturing method, every one of
the six DOF are effectively followed utilizing just four control
inputs while within the sight of un demonstrated flow and
limited unsettling influences. Elements and speed vectors
were thought to be inaccessible, along these lines a NN
eyewitness was intended to recoup the limitless states. At that
point, a novel NN virtual control structure which permitted
the craved translational speeds to be controlled utilizing the
pitch and the move of the UAV. Atlong last, a NN was used in
the figuring of the real control inputs for the UAV dynamic
framework. Utilizing Lyapunov systems, it was demonstrated
that the estimation blunders of each NN, the spectator, Virtual
controller, and the position, introduction, and speed following
mistakes were all SGUUB while unwinding the partition
Principle. [Table -1] In this investigate unusual data of
pressure at a variety of points both from the greater and minor
outside of the airfoil are in use. This is finished for observe the
pressure modify with the chord length of the airfoil at a
precise detachment from the airfoil. This is exceptionally
significant for this work since a pressure distinction in the
greater and minor outside of the airfoil determines the
quantity of lift force generated by that airfoil and lift force is
the significant limitation for selecting an correct and

resourceful wing for any category of aircraft™™®"! wings .

Here unusual points are produced at a impassiveness of
0.002m; 0.09 m and 0.17 m correspondingly both from the
greater and minor outside of the airfoil and alteration in
pressure and velocity at persons points are experimental.
Table 1: steady parameters for NACA 4412 airfoil

Parameters NACA 4412
Thickness, % 12%
Camber 4%

outside region 0.15003 m2
Density of atmosphere 1.229 kg/m3
Reynolds number 139,000

In arrange to investigate fluid stream, the stream sphere of
influence is split into minor sub domain, which is called mesh
invention. The intentional apply of the mesh is to disconnect
and calculate the property of the fluid stream. Confident use
the meshes to representation the fluid breathing space. The
mesh second-hand is (shown in Fig. 4). It solves the
Navier-Stokes equations numerically at both joint of the
mesh. In addition, an iterative technique is second-hand by
ANSYS confident to come together on a explanation of this
investigation.

Fig 4 Meshed constituencies

Previous to the imitation be able to be run, explicit
parameter and boundary conditions have to be situate.
Primary a number of universal settings considered necessary
to be recognized. For illustration, magnitude is to be ignored,
occasion to be treating as a stable case, velocity to be in use to
be in an unqualified orientation surround, and the solver
second-hand to be pressure base. After that the laminar
representation is chosen. Additional detailed methods in
addition have to be individual. Pressure, thrust, debauchery,
and power are all modeled by means of subsequent order
function. These advanced order functions are normally more
perfect than primary order approximation, but are also
additional occasion uncontrollable. After that ladder,
boundary conditions are set for the dissimilar area of both
meshes, such as wall features by means of nil velocity,
regularity face, velocity creek and pressure exit for the fluid.

In this scheme, stream velocity cove is distorted in the
middle of imitation. Velocity is distorted surrounded by the
range from 25 to 75 m/s among footstep of 30m/s, in which
dependable with the difficult range outstanding to UAV
typically fly underneath small velocity conditions. These
imitations are frequent at the angle of attack of 0° to 12°
degree (show in fig.5). Subsequent to that, aerodynamic
armed forces are calculated in each imitation, in arrange to
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resolve coefficients of lift and drag, and are equivalent to
hypothesis outcome.

Fig .5 static pressure and velocity contours at 12° degree
angle of attack

II. RESULTS AND DISCUSSIONS

The imitation outcomes were investigated in a variety of
stage. ANSYS confident are intelligent to make available a
number of explicit types, such as pressure and velocity
distributions. On the supplementary hand over, ANSYS
Structural allow influential armed forces, displacements, and
pressure and tension of the wing. (Show in Fig.6) the pressure
contours scheme in the airflow, as soon as the velocity cove is
functional of 50m/s. As can be seen, the persuasive regions
come into sight at the leading edge and on the minor outside
of airfoil. In addition, the constituency of little pressure
occurs on the greater outside of airfoil. This investigation is
perfect with the hypothesis of lift invention. It is argue that
velocity is moreover a significant possession. The velocity
importance profile are (shown in Fig.7). Lying on the leading
edge and outside of airfoil, the velocity of the stream is almost
nil. Nevertheless, the fluid accelerate revolutionize without a

doubt on the greater outside of airfoil.
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Fig.6 Contours of pressure
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Fig.7 Contours of velocity.
The corresponding stress on the wing using ANSYS
Structural is shown in fig.8. The stress reaches its greatest at

the segment permanent to the fuselage. In calculation, lift and
drag armed forces were distinct outstanding to fluid-structure
communication ", The energy mechanism that which
communicate the velocity cove, are composed. From these
data, two graphs of the association connecting lift, drag
against comparative velocity connecting the wing and the
airflow are (shown in Fig. 9), and (show in Fig. 10),
correspondingly. The imitation outcome are then compare
with hypothesis outcome by with the extremely small angle of
attack (o ~ 0.029). These comparisons show a high-quality
association.

Hence the projected investigation technique has
established a practicable substitute to acquire aerodynamic
forces and coefficients by manipulate the outcome from
ANSYS imitation. Nevertheless, additional investigations are
recommended in arrange to condense the difference in the
outcome at confident surroundings, and to facilitate
calculation of resistance associated lift and drag.
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Fig.8 stress on the wing investigation
The coefficient of lift and coefficient of drag for the airfoil
representation are also definite, everywhere C = 0.4, Cp =
0.025, correspondingly. These outcomes are equivalent to the
hypothesis. It is publicized with the purpose of the location
parameters are appropriate
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Point Pressure at a detachment of Pressure at a detachment of 0.09 | Pressure at a detachment of
0.002 m, (Pa) m, (Pa) 0.17 m,(Pa)
From greater From minor From greater From minor | From greater From
outside outside outside outside outside minor
outside
1. 14.8776 9.8439 13.9593 13.6540 11.9854 15.9856
2. -13.5654 -11.9854 -6.9076 -7.9400 -3.9783 -1.8978
3. -17.0875 -7.6523 -18.9511 -5.0098 -19.7694 -4.1354
4. -24.9521 -11.8745 -29.6743 -15.0743 -24.9872 -9.8731
5. -29.8768 -13.8511 -31.0098 -20.8150 -30.9845 -14.9009
6. -36.9321 -21.8600 -37.0923 -29.8709 -39.0008 -19.0876
7. -44.0098 -27.1208 -42.7611 -32.8503 -42.8113 -26.8965
8. -41.6009 -32.7013 -41.5000 -32.9876 -41.7650 -34.9120
9. -30.8743 -33.1109 -33.3333 -35.9867 -35.9134 -35.5563
Cd/alpha
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1.4 0.12
1.2 0.10
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Fig.9 Comparison of Cy, at 0° to 12° angle of attack Cd VS AI pha
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Table 2: Value of pressure at air velocity 5 m/s
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Fig.10 Comparison of Cp at 0° to 12° angle of attack
The coefficient of Lift and drag is considered for this
NACA 4412 sequence for the angle of attack 0° to 12°. The
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coefficient of Lift/Drag ratio increases with enlarges in Angle
of attack up to 8°. Subsequent to 8°, Lift/Drag proportion
decreases with augment in Angle of attack.

III. CONCLUSION

In this document, the aircraft wing representation by means of
NACA 2412 airfoil was selected to be investigation of aircraft
Wing. Confident and Structural correspondence of ANSYS
Software were second-hand to imitation the representation.
Based on aerodynamic investigation of the airflow over
airfoil, the subsequent conclusions can be completed:

v’ Pressure is minor on the greater outside of airfoil and

reaches its greatest at the summit of attack. For the
meantime, the stream velocity on the greater outside
is more rapidly than the minor outside of airfoil.
Consequently, lift production hypothesis was
established to be dependable by imitation technique.

v' Lift strength is better about 25.5 period than drag
strength. It allows lifting the heaviness of the flying
substance.

v Computed lift and drag coefficients by means of the
arithmetical imitation be establish in high-quality
conformity by means of the hypothesis for NACA
2412 airfoil. This technique is probable to be
extremely appropriate to lifelong investigate and

improvement on the aircraft.

v" In conclusion, it is felt that the airfoil produced wing
strength be an extremely high-quality alternative for
developed the investigational expectations UAV.
The acquired information can assist in expectations
studies such as choosing sensors and scheming
appropriate have power over organization.
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