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ABSTRACT: This thesis explored the NACAQ0012 airfoil test technique. This research used an axial fan in the wind
tunnel to analyses airfoil behavior. This fan provides a pressure differential above the air tunnel's testing zone. Low
ground. The Airfoil Elements study's results match conventional data. The NACA 0012 airfoil was tested at four speeds
and attack angles. Overall lift coefficient was 12 degrees at +15 degrees attack angle. The stable airfoil angle is 12
degrees, according to theory and tests. Variations in drag coefficient cause power consumption to vary from -12
degrees to +12 degrees. If wish to operate the machine with additional power, the coefficient of lift drops behind the
table angle, indicating need more. The lifting coefficient is high when the attack angle is between -12 and +12 degrees,
but it declines as the table angle increases. This thesis uses the Cp variation graph to observe airfoil pressure variations.

KEYWORDS: Airfoil Elements, Laminar Separation, Air Tunnel's Testing
I. INTRODUCTION

This may be asking why we decided to create a wind tunnel in this unconventional way. Or maybe a better question is,
"Why the air tunnel?" The usage of wind tunnels to address aerodynamic difficulties may appear out-of-date in today's
computer-driven environment. When compared to computers, which create enormous amounts of data, the airways give
a unique flow visibility that may uncover crucial issues and remedies that can be recognized simply by numbers. For
fluid-flexible designs, wind tunnels are a crucial tool for combining both kinds of data quickly and efficiently. To learn
more about aerodynamics and the significance of airways, our project's primary goal is to teach us about the steps
engineers use to investigate, assess, analyses, and, finally, solve societal issues of scientific and mathematical nature.By
building an air tunnel we hope to learn about aerodynamics, and, more often, about the process that engineers go
through in the real world to explore ideas and solve problems. A common interest in aviation has led both of us to this
project as we plan to explore the complex field of aviation engineering and have fun in this process, ultimately
preparing us for future lessons, careers and real-life situations.There is a boundary layer formed as the body changes
from a solid state to a fluid one. The body is subjected to a variety of forces due to the existence of boundary layers.

» The force of normal gravity
»  Atmospheric thrust

» The force of drag

» The force of lifting

A person's biological fluids may be raised or lowered depending on how the air is pushed on their body.
1.1 Experimental Objectives

Students may use this exam to calculate the lift and drag coefficients of NACA 0012 airfoils. At an attack angle of 14,
the airfoil's lift and pull coefficients are computed. Measure and compare the airfoil structures utilized in a high-
powered helicopter with varying attack angles and Reynolds numbers in order to better understand their performance.

1.2Aerodynamic Principles
The fact that the symmetric airfoil does not provide zero attack angles is one of the most important aerodynamic
concepts studied in this study. When the airfoil is dragged over, it is due to a combination of factors, including the

effects of gravity, skin friction, and pressure. Loss of lift is generated by air vortices in the airfoil head that do not pass
through the air tunnel's walls, which allows for higher pressure to meet lower pressures in the upper airfoil section. The
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molecules that travel over the airfoil and cling to the surface in a slippery condition are responsible for the traction
induced by skin contact. Due to the airfoil's front stop, fluid flow across the airfoil is restricted, resulting in a pressure
decrease.

Il. LITERATURE SURVEY

The aerodynamic of airfoil was explored by Kutta (1902) for small airfoils and Joukowski (1905) for thicker airfoils.
These airfoils were obtained from a circular cylinder by making a structured map. Joukowski's theory of 2D flow, so
with an infinite wing, marks the beginning of modern aerodynamic.Wright brothers had done earlier study on the
airfoil, which was the most efficient kind of bending, or wing compartment known to them. However, in the early days
of aviation, planes were created one at a time by hand for each aircraft. A common airfoil component for use on many
aircraft was not developed prior to the outbreak of World War I. There has been a lot of work done by the British
government on the National Physical Laboratory (NPL), which resulted in the Royal Aircraft Factory (RAF) series. In
World War I, aircraft like the RAF 6 were equipped with airfoils. The creation of successful active wing segments that
contain the required dimensions of an inexpensive construction, with mild movement pressure and nevertheless give a
big attack angle and effective action" was listed in the NACA's first annual report as a need.In 1917, the National
Aeronautics and Space Administration (NACA) reported its initial experiments using airfoils. No. 18, "Aero foils and
Aero foil Structural Combinations" from the NACA Technical Report Most of their effort was spent ensuring that the
airfoil was constructed correctly, according to the authors. Airfoil models with an 18-inch width and a 3-inch chord (or
large-diameter chord) had been evaluated several times in the air tunnel. These airfoils and air tunnel data were
presented in this paper, which was the first of a series of reports on the U.S.A. series. It's important to note that even the
tiniest changes in airfoil design may have a big impact on aerodynamic performance, and this needs considerable and
thorough study.No. 460, "Airfoil Related Features of 78 Airfoil-Related Parts from Examination to a Flexible Air
Tunnel," was produced by NACA in 1933. The NACA four-digit airfoil series was detailed by the authors of the paper.
The airfoil's overall form is shown by the four numbers. When it comes to wing design concepts, the NACA airfoil
2412 featured an upper chamber that was 40% of the chord length away from the leading edge, which was represented
by a digit in each of the three digits: a cylinder of 2% cod length, a cylinder of 4% cod, and an airfoil of 12% chord.
Airfoil 2412's upper chamber may be (0.02)10 = 0.2 feet; the upper chamber is placed 40 percent (0.4) away from its
leading edge, and the maximum airfoil size is roughly 0.12 (10 = 1.2 ft) - i.e., 0.12 ft.Aircraft designers won't employ
all 78 airfoil classifications, but test data has supplied a broad variety of possibilities for aircraft makers. Immediately
after the release of this paper, NACA airfoils were extensively employed, and NACA 2412 was still used on other
small aircraft more than half a century later.Without NACA Technical Report 460, the development of airfoils would
be impossible. In the course of developing their aircraft during World War 11, many major U.S. airlines used the
report's conclusions as the basis for new designs. The DC-3 delivery aircraft, the B-17 bomber, and two P-38 Lightning
interceptors all rely on the data in Report 460.

Increasing altitude was one of the primary goals of NACA's air fossil fuel research in the late 1930s. Beechcraft
Bonanza planes utilized a five-letter NACA airfoil and airfoil series identical to 23012. When comparing these numbers
to the four-digit ones, note that the first two digits reflect camber and thickness. A sequence of four digits (3/20 in this
example) would have shown the tenth component of the chord, but the second digit indicates the twenty parts instead
(3/20). To signify either a straight or a curved camber line (0), the middle number is utilized (1). All positions between
the upper and lower airfoil are equivalent to a medium camber line. Also known as the "vertical line").NACA airfoil
research was hindered by the fact that aerodynamicists were unable to analyses all aspects of the wing. In the absence
of a big enough air tunnel, they had to evaluate just a section of the wing and then extrapolate the findings to the whole
wing. However, this technique had a flaw: researchers couldn't assess the impacts of air flow at the wing's tip, which
was frequently too significant to ignore.The National Advisory Committee for Aeronautics (NACA) built a new two-
dimensional wind tunnel at Langley Research Center in Virginia. This air tunnel was used to test airfoils. Upon
completion of the air tunnel, NACA aerodynamicists utilize it to test a broad variety of airfoil configurations.

In the late 1930s, NACA aerodynamicists started investigating the laminar-flow airfoil (laminar flow is related to the
smooth flow of air over a building). Flow was unhindered by the thick backs of the laminar airfoils (NACA series six).
Using a laminar-flow airfoil was pioneered by the North American P-51 Mustang, and it is still widely utilized in
today's high-speed aircraft. When used in actual flight without an air tunnel, several of these air cables operated like
ordinary air ducts, which was an unexpected but acceptable consequence.Development of NACA airfoils almost ceased
in the 1950s, as aerodynamicists focused on super and hypersonic airfoils during the time. It was only in 1965 that
Richard T. Whitcomb created NASA's most important aircraft. It was able to build wings with critical Mach values as a
consequence of these improvements, allowing for faster operation.
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Airfoil research in the United States re-emerged in the wake of Whitcomb's success, thanks to NASA, which was
established in 1958 and assumed control of NACA. For light aircraft, create a set of low-speed airfoils that can be
employed for normal flight. Smaller wings areas (and hence the smallest draw) may be achieved using these low-speed
airfoils, which have greater lifting properties than their predecessors. Despite this, it is unusual to find modern-day
aircraft that still employ NACA for airfoil components designed in the 1930s and 1940s.

I11. CONCLUSION AND FUTURE WORK SCOPE

The liquid machinery laboratory successfully used the NACAOQ012 airfoil feature test procedure. An axial fan in the air
tunnel, which offers a controlled region for testing and produces a pressure differential above and beyond, was
employed to analyses airfoil behavior in this work. The ground level is rather low.Results from the Airfoil Elements
research have been compared to standard data and found to be consistent. The study's findings are outlined below.

» There were four distinct speeds and four different attack angles for the NACA 0012 airfoil in this experiment,
which resulted in an overall lift coefficient of 12 degrees at an attack angle of +15 degrees. The airfoil's stable
angle should be 12 degrees, according to both tests and theory.

» There is a little fluctuation in the machine's power consumption in the range of attack angles from -12 to +12,
according to the coefficient of drag variations.

» To operate the machine with a slight increase in power, the coefficient of lift drops behind the table angle
indicating the need for further power.

» The lifting coefficient is high in the attack angle range of -12 to +12, but it decreases as the table angle increases.
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