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Abstract: Due to the consideration of less angle of attack in the Airfoil, the previous studies didn’t achieve accurate
results on velocity and pressure of air fluid. Also, previous studies haven't taken into account both the coefficients of drag
and lift forces at the same time. In this study, first-time we used the NACA 4412 (national advisory committee for
aeronautics 4412) Airfoil because of its availability, lightweight, and flat bottom surface which prevents negative ground
effects. Here the NACA 4412 Airfoil surface characteristics were studied through ANSYS Fluent laminar flow analysis as
well as pressure-based ANSYS fluent solver. When we increased the angle of attack from 0° to 18° the coefficients of lift
and drag forces increase gradually, which impacts the values of the velocity of the upper surface and pressure of the lower
surface in the air-fluid. The coefficient of lift and drag forces on the airfoil's surface were 0.44 and 0.5, while the velocity
and pressure at the surface are 80.5354 ms™and 2.12 x 103 Pa respectively at a 16° angle.
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1. INTRODUCTION
Aerodynamics is the branch of fluid dynamics that deals
with the study of the motion of objects through the air [1].

It is the sub-field of fluid dynamics, and gas dynamics [2].

Itis also referred to as gas dynamics which deals with the
motion of other gases not limited to only the motion of
air [3]. The study of aerodynamics in the modern sense
started in the 18" century. Later on, the term
aerodynamic drag formed the basis of aerodynamics in
different technologies of flight. Thus, it is the way objects
move through the air [4]. Air is a fluid and by
hydrostatical theorem, it is explained as “the pressure
exerted by a fluid at equilibrium at any point of time due
to force of gravity”. So aerodynamic force is produced
which is perpendicular and opposite to gravity [5]. So, by
the simple understanding of aerodynamic forces, we
draw the shape of aircraft moving with the velocity of
magnitude V given in Fig. 1 [6].

L

Fig. 1. Component of force and total weight. Reproduced
from ref. [6]. Copyright 2022 MDPI.

If we denote the vector by W the weight of the aircraft
and by the vector w the force of buoyancy, the total force
due to gravity and buoyancy is W + w. We observe that
the weight of an aircraft is a force with magnitude W
whose direction is vertically downwards, while the force
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of buoyancy with magnitude w whose direction is
vertically upwards so that the magnitude of the resultant
force is W- w [7]. This force W + w will act whether the
aircraft is at rest or in motion [8]. The aircraft is moving
with constant or uniform velocity V in a horizontal
direction through the that is at rest, that is to say, any
motion of the air is due solely to the motion of the aircraft.
This motion is maintained by the tractive force T exerted
by the propeller [9]. So, Newton's first law here is the
resultant force exerted on the aircraft or airplanes must
be zero, so the motion is decelerated [10]. It follows that
there must be an additional force A exerted on this which
is the vector sum as in the form of equation (1).
T+(W+w)+A=0 (1)
Here, A is denoted as aerodynamic force, which is the
force exerted on the airfoil by air due to the relative
motion of the airfoil and air [11].
A cross-sectional curved surface shape of a solid object
which produces the maximum lift during the motion of
that solid object through the air or other gases is called an
airfoil. Additionally, it is a curved-surfaced cross-
sectional wing that provides the best lift-to-drag relation
throughout the flight [12]. A force is made perpendicular
to the path of motion by the effect of lift., whereas drag
is the factor that makes a force parallel to the direction of
motion [13]. The aerodynamic characteristics of the
aircraft, in turn, are governed by the aircraft’s weight,
speed, and intended use. Max Munk, a German
mathematician, created the airfoil, which British
Aerodynamicists Hermann Blauert and others further
improved in 1920 [14]. The NACA 4412 airfoil is used
in this work because of its availability, lightweight, and
flat bottom surface which prevents negative ground
effects. The Bernoulli principle is a single principle that
contributes to the understanding of how heavier-than-air
objects may fly [15]. It provides a technique to
demonstrate that there is a lower pressure above the
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airfoil than below. According to Bernoulli’s Principle, air
that is traveling more slowly has a higher air pressure
than air that is moving more quickly [16]. The amount of
pressure, or “push,” that air particles apply is known as
air pressure. This idea aids in our comprehension of how
to lift—the capacity to fly—is produced by airplanes.
Thus, the lift produced by this principle is defined in Fig.
2 [17].

The convex surface has high flow

The concave surface has low flow
velocity and strong pressure

V2
Fig. 2. Bernoulli principle and airfoil with generating lift.
Reproduced from ref. [17]. Copyright 2021 MDPI.

A lift is a force that has a component perpendicular to air
velocity. The weight of the item is constantly in
opposition to aerodynamics [18]. Similar to drag, it is a
mechanical force as well, purely controlled by the contact
between the aircraft and the fluid. Lift is a force that has
both magnitude and direction since it is a vector quantity.
Its magnitude is oriented perpendicular to the flow of air
and acts through the central pressure of an item. The wing
is the primary source of lift [19]. The force that resists an
aircraft’s passage through the air is called drag which
works as a mechanical force. The part of the aerodynamic
force called drag acts in the opposite direction to the
motion. The interaction and contact of a solid body with
the airflow causes this to occur [20]. Always acting in the
opposite direction of the motion is the drag force. The
total forces acting on the airplane are illustrated in Fig. 3
[21].

For constant

speed & altitude

Force

oquilibrium:

=D,

W Weight, W
Fig. 3. Forces acting on Aircraft. Reproduced from ref.
[21]. Copyright 2021 MDPI.

A dimensionless parameter called the lift coefficient
connects a lifting body’s lift to the fluid’s density,
velocity, and matching reference area. A lifting body
might be a foil or an entire foil-bearing body, or it can be
a fixed-wing aircraft. Mach number, Reynolds number,
and the body’s tilt to the flow are all important [22]. The
lift coefficient is used by aerodynamicists to express all
of the complex interactions between shape, tilt, specific
flow conditions, and lift. The coefficient of lift (Cl) is
defined in the form of equation (2).
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Where g denotes the dynamical pressure, which is
connected to the fluid density p, and the flow speed p. L
is the uplift force, and S is the appropriate surface area.
the reference surface S selection must be needed for an
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airfoil to find the coefficient of lift force. For instance,
the second axis producing the surface in aerodynamics
and thin wing theory is frequently in the chordwise
direction, although spirally profiles are always inclined
in the spanwise direction.

The drag coefficient, used in fluid dynamics and having
no dimensions, measures an object’s opposition or drag
in a wet environment either air or water [23]. It is utilized
in the drag equation, where a lower drag coefficient
denotes a reduced amount of aerodynamic or
hydrodynamic drag for the item. A specific surface area
is constantly linked to the drag coefficient [24]. Any
object’s drag coefficient combines the effects of form
drag and skin friction, the two primary causes of fluid
dynamic drag. The impacts of lift-induced drag are also
included in the drag coefficient of a rising airfoil or
hydrofoil [25]. A full structure, like an airplane, has a
drag coefficient that takes interference drag into account
as well. The coefficient of drag force (Cd) is defined in
the form of equation (3).

2fq

Cd = PYET:

®

Where [ is the flow speed of the item relative to the fluid,
p is just the mass density of the fluid, and fy is the drag
force, which is, by definition, the force components in the
directions of the flow velocity, and the reference area is
A [26]. The actual wing area serves as the reference area
for airfoils. The volume drag coefficient is used by
various bodies of revolution and airships, with the
reference area being the square of the airship volume’s
cube root [27]. When two objects that share the same
parameter move through a fluid at the same speed, a drag
force equivalent to each object’s drag coefficient will be
applied. These coefficients are frequently used to show
how the lift-to-drag ratio changes depending on the angle
of attack. With speed, the angle of attack varies
depending on the lift’s specific magnitude [28]. A wing
moves through the air at an angle to the direction of flight.
The lift created by a wing is greatly influenced by the
angle of attack, while the angle is located in between the
chord line and the flight direction. The pilot pushes the
plane as hard as possible during takeoff to make it roll
down the runway. However, the pilot “rotates” the
aircraft immediately before takeoff. The maximum
values of lift and drag coefficients are at 16° and the
minimum value of lift and drag coefficients are at the 0°
angle of attack to generate the lift of an airfoil during the
motion of an aircraft. The angle of attack widens and
more lift is produced when the aircraft’s nose raises, both
of which are necessary for takeoff [29]. Now the
comparison between the coefficients of lift and drag
forces on the surface of an airfoil with different angles of
attack that generates the lift during the motion of an
aircraft during flight is provided in Table 1.

Different scientists and researchers have found the
numerical values of the coefficient of upward lift and
backward drag forces for different shapes of airfoils.
They found these values for airfoils when an airplane
moves in the air. In 2017, S. Obeid et al. evaluated RANS
(Renolds averaged Navier-Stokes equations) simulations
of the aerodynamic performance of the NACA 0015
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flapped airfoil. The numerical findings show that while
the lift curve remains constant and just changes upward,
greater flap deflections improve the maximum lift
coefficient, change the lowest angle of attack values, and
minimize stall. Moreover, for a flap deflection of 50°, the
numerical simulations indicate limitations for the lift
increments Cl and Cd, with maximum values to be 1.1
and 2.2, respectively with an initial velocity of 50 ms*
and with the pressure of 1.8 x 10° Pa [31]. JVM. Jeyan et
al. in 2019, published a computational case study on the
aerodynamic characteristics of the NACA 0022 Airfoil,
the stall angle is 15° and the related lift and drag
coefficients are 1.4913 and 0.310, respectively.
Additionally, experimental data given by NASA was
used to verify the Cl, Cd, and coefficient of pressure (Cp)
of the NACA-0022 airfoil at a 10° angle of attack. In
actuality, Cl was supplied by NASA as 1.1 and Cd as
0.012 for 10° with a pressure of 1.4 x 10° Pa and velocity
of 60 ms™ [32]. Chaitanya KK. et al. in 2021 evaluated
aerodynamic analysis and optimization of airfoils. The
airfoils were examined for a speed of 70 ms? with a
pressure of 1.75 x 10° Pa, at the attack angle of 7°, and
up to a maximum Reynolds Number (Re) of 3 x 108, For
consistency, the wing chord length was maintained at 1
to 4 m, and the total wing span was at a length of L = 10
m throughout the analysis. In the following study, the top
three wings were further revised and interpolated to
achieve greater coefficients of lift and drag forces, which
were 0.41 and 0.55, respectively [33]. Many research
groups have used ANSY'S Fluent to simulate the different
parameters of air-fluid for different types of airfoils. But
they used only 7° and 10° angles of attack and only used
either the coefficients of drag or coefficients of lift forces
for values of pressure and velocity of an air fluid, which
had less accuracy concerning expected results.

Table 1. Comparison of coefficients [30].
Angle of attackLift coefficientDrag coefficient

0 -0.000401 0.009239
4 0.449270 0.010800
6 0.670040 0.012887
8 0.883000 0.015914
10 1.071900 0.019906
12 1.261900 0.026041
14 1.407400 0.034709
16 1.467800 0.050969
17 1.395900 0.071730
18 1.082600 0.148530

In this simulation work, we have studied the laminar flow
analysis of air-fluid for NACA 4412 airfoil through
ANSYS fluent to simulate the values of pressure and
velocity of air-fluid for the very first time. We have used
NACA 4412 airfoil because of its large volume of
applications in aircraft, lightweight, and flat bottom
surface which prevents negative ground effects. During
the study, the coefficient of lift and drag, the velocity of
the upper surface, and the pressure of the lower surface
of air-fluid for the airfoil are determined from Q° to 18°
angles of attack.
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2. ANSYS SIMULATION

ANSYS is a very popular software around the world for
Multiphysics and engineering simulations. Many
researchers have used ANSYS software for simulation
fabrication  [34,35,44,45,36-43]. For  real-time
simulations, ANSY'S has become an amazingly powerful
piece of software nowadays. In this study, we have used
the ANSYS fluent for the laminar flow analysis of air-
fluid to find the coefficients of lift and drag forces for the
NACA 4412 airfoil. The geometry of the NACA 4412
airfoil is designed with the dimension of 1 m chord length.
The area and volume of the surface of the NACA 4412
airfoil are 445.22 m? and 543.19 m3 respectively. The
enclosure of 6 m, 3 m, 3 m, 5 m, 3 m, and 3 m lengths
respectively has been drawn to get a better result of fluid
moving around the symmetrical surface of the airfoil of
an aircraft as shown in Fig. 4.

2000 3000

450

Fig. 4. Geometry of an Airfoil.

An airfoil’s shape has been meticulously meshed for
accurate simulation, with each domain’s element size set
at 0.25 mm. All the parts of the NACA 4412 airfoil are
specified in the meshing step while computational fluid
dynamics (CFD) meshing was used. The inlet, outlet, and
walls of the NACA 4412 airfoil are named in this step.
The geometry of the elements and nodes is maintained in
a triangle form, and the meshing configuration includes
medium smoothing, coarse relevance center, and these
features. There are 427101 total elements and 76594 total
nodes in the mesh geometry reflected in Fig. 5.

ag0eem I,,

Fig. 5. Meshing of an Airfoil.

The next step is solution setup, in this step, we select the
fluid which is air here, and the viscous laminar model for
the flow of air-fluid to get better results from the
simulation. In boundary conditions, the inlet is taken as
inlet velocity with an initial value of 60 ms™ and outlets
as outlet pressure. Pressure-based ANSYS fluent solver,
absolute velocity formulation, and steady time are used
in solution setup to perform the calculation. Then we
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determined the coefficients of lift and drag forces in the
report definition process by creating their respective
names and selecting the airfoil wing portion only. Finally,
we initialized the all-zones values.

3. RESULT AND DISCUSSION

The graph of the coefficient of lift force by running the
calculation to compare with different angles of attack is
drawn (Fig. 6). The maximum value of the coefficient of
the lift force is -800 at a 0° angle of attack then gradually
decreases to 2700 at 10°. The coefficient of lift force
again rapidly increases for the next angles of attack
gradually as shown in Fig. 6.

-800 -

=1000

Lift Coefficient

40 50 60 70 80

Angle of Attack [Degree]

Fig. 6. Coefficient of lift plot

0 10 20 30

The graph of the coefficient of the drag force to compare
with different angles of attack is drawn in this simulation
(Fig. 7). We have observed that the maximum value of
the coefficient of drag is 8000 at 0° which decreases to
1000 at 10°. The value of the coefficient of lift does not
change with the next angles of attack illustrated in Fig. 7.

8000 7
7000 - Drag Coefficient
6000
5000 ]

4000

N

10

g w
o o
o o
o o
L 1

Coefficient of Drag

40 50 60 70 80 90 100
Angle of attack [Degree]

Fig. 7. Graph of drag coefficient.

20 30

The graph between the static pressure and length of the
airfoil wing on the surface of an airfoil is drawn through
ANSYS fluent (Fig. 8). The air pressure 2.12 x 10° Pa
exerted on the lower surface of NACA 4412 airfoil at the
center is the maximum at 1.5 m length of chord line
whereas the low pressure of 110 Pa is exerted on the top
surface of an airfoil given in Fig. 8.

For ANSYS fluent simulation, the NACA 4412 airfoil is
designed with the initial velocity of 60 ms™ as an input
variable to compute the values of coefficient of lift and
drag forces by naming them in the report definition in
ANSYS fluent setup for laminar flow of air-fluid which
is 0.44 and 0.51, respectively for 100 iterations. The
value of fluid velocity for the airfoil is 80.5354 ms™
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means that air is moving with the velocity of 80.5354 ms
! around the surface of an airfoil and it’s all its domains
are shown in Fig. 9.

3.00e+03 Airfoil wing

2.00e+03

1.00e+03

[Pa)

0.00e+03

-1.00e+03

Static Pressure

$
g

-3.00e+03

-4.00e+03 T T T T 1
o 0.5 1 2 25 3

Leniéih [m]
Fig. 8. Graph of static pressure.

Fig. 10. Pressure contour mapping.

The air exerts a pressure of 2.12 x 103 Pa on the surface
of an airfoil and it's all the domains are called the pressure
outlet pressure. Many researchers, including S. Obeid et
al. (2017), JVM. Jeyan et al. (2019), and Chaitanya KK
et al. (2021), have used ANSY'S simulation to determine
the coefficients of lift and drag forces, which are 1.1, 2.2,
0.31, 0.41, and 0.51 with the pressure of 1.8 x 10° Pa, 1.4
x 10 Pa, 1.75 x 10° Pa includes velocities of 50 ms, 60
ms™, 70 ms™ around the surface of an airfoil respectively.
At the upper and lower surfaces of the airfoil, the airflow
is moving at a velocity of 80.5354 ms™ and a pressure of
2.12 x 10° Pa. We can more precisely calculate the
airflow's velocity and pressure with an angle of attack
elevation of 16°. This result shows excellent agreement
with standard simulation. These all are designed output
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variables for an airfoil through ANSYS fluent as
illustrated in Fig. 10.

As the relation between the pressure is inverse to each
other so where the pressure is high, velocity will be low
at that point and vice versa. We have observed that the
air-fluid is moving with a high speed of 80.5354 mson
the upper surface of an airfoil with a low pressure of 110
Pa whereas at the lower surface of an airfoil a high
pressure of 2.12 x 10° Pa is exerted with a low velocity
of 35 ms?. And the graph between the pressure and
velocity of air moving around the surface of the NACA
4412 airfoil is given in Fig. 11.

8 |—m— Pressure
=
& 6-
L
A 4
2 r T
0 5 10 15

Velocity (m/s)
Fig. 11. Graph between pressure and velocity.

Fig. 11 shows the inverse relation of velocity and
pressure according to the Bernoulli principle. The air
exerts low pressure of 110 Pa on the upper surface of the
NACA 4412 airfoil and high pressure of 2.12 x 103Pa on
the lower surface whereas the air moves with a velocity
of 80.5354 ms* on the upper surface and moves slower
with a velocity of 35 ms™* at a lower surface of an airfoil
which helps to generate maximum upward lift 88. 97 N
for an airfoil during the motion of an airplane in flight.

4. CONCLUSION

This study provides a precise method of using ANSYS
Fluent to examine the coefficients of lift and drag forces,
velocity, and pressure on the surface of the NACA 4412
airfoil. During the simulation, the coefficients of lift and
drag forces were 0.44 and 0.51, respectively, while the
coefficients of an airfoil generate the maximum lift force
of 88.97 N during the motion of an airplane. Thus, the
velocity of the air-fluid acting on the upper surface of the
NACA 4412 airfoil is 80.5354 ms™. The air exerts a
pressure of 2.12x10% Pa on the lower surface of the airfoil
which is more significant than in the previously reported
results. Furthermore, for NACA 4412 airfoil, impressive
accuracy has been achieved, while the pressure on the
airfoil's bottom surface of 2.12 x 10° Pa and the velocity
of air entering the inlet of 80.5354 ms, the maximum lift
of 88.97 N is generated at 16°. This work could help the
next studies to get the more precise values of pressure and
velocity of air-fluid to generate maximum lift at >10°
angles for more efficient and supersonic aircraft in the
future. If both the coefficients of lift and drag forces are
used together, a better result of velocity, pressure and a
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maximum lift of air-fluid could be achieved which may
also accelerate further similar studies.
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