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Abstract

The three low Reynolds number airfoils, NACA0015, NACAO0018, and NACA0021, were examined. First, CFD and
experimental testing were done in the wind tunnel using the numerical Vortex-Blade method, and it was used for the
panel method of the KW-SST model. The findings demonstrated that the Reynolds numbers are more affected by airfoils
when there are two airfoils present, as opposed to when there are more than two. The segmentation coefficient has been
used to remove the tip radius and lift coefficient in the angle of attack less and less than other methods, according to
comparison and results that showed that the method of vortex shedding and lift coefficient ratios in angle of attack between
10° and 18° in the laboratory were analyzed. In the attack angle of 10° and CFD model with a 1.8 and 2.3% error rate,
increasing the attack angle of the CFD model, and Fortran at an attack angle of 18° with the 4 and 5.2% Fortran model

and at the top of the CFD model for the analysis.
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1. Introduction

Many studies have been conducted on the optimization
of wind and water turbine blades as well as the
optimization of wind turbine characteristics like self-
starting since the wind turbine blade has a significant
impact on the effectiveness and output power of a wind
turbine. Rotor rotation, aspect ratio, and others have all
been researched [1-3].

The vortex plate method, which employs potential
flow theory and zero tangential velocity on the wall
(non-slip condition) to analyze laminar flows with low
Reynolds numbers, is one of the most precise
techniques available. Since the 1970s, the vortex plate
method has been a popular numerical technique. The
spring plate approach is quite similar to this one [4],
however the spring plates are only utilized in lift-less
circumstances because the spring has no circulation.
Vortices are moving in both directions.

Chiu [5] used the method of spring and vortex plates
to study the current flowing around the train in 1995 in
order to calculate the aerodynamic forces, and the
results using lab data were highly promising. Wang et
al. [6] demonstrated in 2007 that the vortex plate
method produces results that are significantly more
accurate than the classical flow model of free vortices

coupled with the finite element method. They did this
by using the vortex plate method as well as the vortex
flow model of the flow around the gas turbine blade. In
order to recreate a two-dimensional flow around a
hydrofoil that was entirely submerged in free water in
2012, Zhen Chen [7] used the vortex plate method.

2. Solution Theory and Governing Equations

Vortex plate is a method used in low speed airfoil analysis.
The airfoil is considered in a free flow in incompressible
and non-viscous flow with speed U and its surface is
covered with a vortex plate with variable resistance y (s)
which aims to determine the changes y in terms of's is such
that the induced current field from the vortex plate, when
combined with the free current, turns the vortex plate into
a flow line.

2.1. Geometries Study

This study examines the fluid flow around the
symmetrical airfoils NACAO0015, NACAO0018, and
NACAO0021, which are frequently utilized in
aerodynamics, particularly wind turbines.

The length of the vortex plates should be chosen as
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carefully as feasible and in accordance with the lower
processing costs in this code in order to reach the accurate
answer. Each vortex plate measures 0.001 chord length in
length.

2.2. Aerodynamic Design Using Q-blade
Software

The embossing procedure was carried out by the Q-blade
v0.9 software, which also helped choose the airfoil. The
software given is used to compute wind turbines. Speed
can be used to create an appropriate airfoil, evaluate its
polar performance at 360-degree angles, and model and
design wind turbine airfoils. Used. With the aid of
momentum models and the proper technique, this software
simulates the aerodynamics of vertical-axis wind turbines

[8].
3. Numerical Simulation

The computational domain was separated into four regions
and each area was networked individually in order to
increase the quality of networking due to the intricacy of
the airfoil geometry. This has improved the orthogonal
character of the grid lines on the airfoil surface at the edge
of the attack and improved the grid quality, particularly
close to sections of the airfoil surface. Ansys is used to
mesh the airfoil geometry and form the network, which is
then utilized to surround the airfoil with a C-shaped
computational amplitude.

3.1. Independence from the network

In order to obtain an accurate result, the outcomes of the
numerical solution must be independent of the network
that was established. A study was carried out using three
different types of networks in steady state, at zero, five,
and 10 degrees of angle of attack, and for the NACAO0015
airfoil three types of networks, large, with 50,000,
medium, and small, to examine the independence of
numerical solution and the outcomes of the computational
network and it was used with 50000, 100000, and 150,000
were examined.

3.2. Laboratory equipment and methods

The wind tunnel used in the experiment is a "open circuit
wind tunnel," where air is drawn from the free
atmosphere and discharged back into the open
environment after passing through various sections of the
tunnel channel and the test section. In this scenario, the
inlet current and the output have no relationship to one
another and have no impact on one another. It also has a
current measuring device of the type of hot, one-
dimensional wire flowmeter with a maximum nominal
free current. The air is a subsonic wind tunnel, with an
air range of 0 to 30 m/s and an incompressible air flow.
This instrument comprises a closed test chamber with
a 180 cm length, 40 by 40 cm square cross section, and
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Plexiglas. The test's airfoil, model NACAO0015, was
made of aluminum using a CNC machine. Its chord
length is 6.4 cm, blade height is 40 cm, and its width is
precisely equal to the tunnel's width to account for the
effects of wing tip vertices entering the field. Avoid
leaving any two-dimensional current, test your
experiments using angles of attack between 10 and 18
degrees and Reynolds numbers up to 27,000, and test
your constructed model using a common template.

4. Conclusions

This study looked into the numerical and laboratory
analysis of the NACA Airfoil for use in Large vertical axis
wind turbines at low Reynolds numbers. Three airfoils,
NACAO0015, NACAO0018, and NACAO0021, were first
studied and aerodynamically analyzed in low Reynolds
numbers using panel numerical method based on vortex
linear distribution, Q-Blade, CFD, and experimental
experiments in wind tunnel. FORTRAN computer code
was used for the panel method, and KW-SST model was
used for CFD method by ANSYS-FLUENT software. The
findings revealed:

The coefficient of coefficient of all three airfoils
increased with increasing angle of attack in Reynolds
number 17890, with NACAO0015 having a greater
coefficient of coefficient than the other two airfoils. The
highest ratio of lift to drag coefficient is at the angle of
attack of 13 degrees and equal to 2.58, and at this speed,
NACAO0015 airfoil compared to two airfoils has a greater
drag coefficient than the other two airfoils. Other criteria
are better for selection.
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Abstract
The three low Reynolds number airfoils, NACA0015, NACA0018, and NACAO0021, were examined. First, CFD and experimental
testing were done in the wind tunnel using the numerical Vortex-Blade method, and it was used for the panel method of the KW-SST
model. The findings demonstrated that the Reynolds numbers are more affected by airfoils when there are two airfoils present, as
opposed to when there are more than two. The segmentation coefficient has been used to remove the tip radius and lift coefficient in
the angle of attack less and less than other methods, according to comparison and results that showed that the method of vortex
shedding and lift coefficient ratios in angle of attack between 10° and 18° in the laboratory were analyzed. In the attack angle of 10°
and CFD model with a 1.8 and 2.3% error rate, increasing the attack angle of the CFD model, and Fortran at an attack angle of 18°
with the 4 and 5.2% Fortran model and at the top of the CFD model for the analysis.
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