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Abstract

This document shows the results of a part of the direct
design process of airfoils. The research and design of
these geometric shapes are of great relevance for their
application in aerodynamic devices, since, if a wing
profile with a great aerodynamic fineness is developed,
the efficiency of the devices that have this geometric
shape will be improved on its wings, propellers, etc.
This project started from two analytical processes, the
first was to obtain the shape of the wing profiles through
the Joukowsky transformation, later the pressure
distribution of each aerodynamic profile was obtained
through the methodology developed by Theodorsen,
the profiles that achieved optimal results were subjected
to the third and last analysis in the Qblade software, this
software allows to find the angle of attack that produces
the maximum aerodynamic fineness, in addition to an
approximation to the lift and drag coefficients, in this
way several curved and aerodynamic profiles were
obtained. Various thicknesses whose aerodynamic fines
range between 100 and 250 at the optimum angle of
attack.

Aerodynamic Fineness, Direct design process,
Joukowsky transformation, Theodorsen
methodology

Resumen

Este documento muestra los resultados de una parte del
proceso de disefio directo de un perfil alar. La
investigacion y el disefio de estas formasgeométricas
son de gran relevancia para su aplicacion en
dispositivos aerodinamicos, ya que, si se llega a
desarrollar un perfil alar con una gran fineza
aerodinamica, se mejorara la eficiencia de los
dispositivos que cuente con estaforma geomeétrica en sus
alas, hélices, etc. Este proyecto partié de dos procesos
analiticos, el primero fue obtener la forma de los
perfiles alares a través de la transformacién de
Joukowsky, posteriormente se obtuvo la distribucion de
presiones de cada perfil aerodinamico mediante la
metodologia desarrollada por Theodorsen, algunos de
perfiles que consiguieron resultados Optimos fueron
sometidos al tercer y ultimo analisis en el software
Qblade, este software permite encontrar el angulo de
ataque que produce la maxima fineza aerodinamica,
ademas de una aproximacién a los coeficientes de
sustentacién y arrastre, de esta forma se obtuvieron
varios perfiles aerodindmicos curvos y de diversos
espesores cuyas finezas aerodinamicas oscilan entre
100 y 250 en el angulo de ataque éptimo.
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Transformacion de Joukowsky, Metodologia de
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Introduction

The design process of an aerodynamic profile or
aerodynamic profile is usually complex, since
these geometries must be applied to the cross-
sections of the wings that will perform the task
of supporting any aircraft in the air, this in the
particular case of aerial vehicles. Aerodynamic
profiles intended for subsonic aircraft generally
have a great thickness in their geometry
necessary to facilitate the generation of the force
that sustains said aircraft in the air [2] pp. 92-93,
however, due to the thickness of the wing
profile, the amount of air hitting the airfoil is
greater and consequently the drag force
increases.

The drag force is that dynamic effect that
opposes the displacement of the aircraft in the
sky and this impairs the efficiency of the
aerodynamic profile, this means that a profile
whose thickness is less will generate less lift and
drag compared to another medium or thick
thickness, although a different way of increasing
the support force without increasing the
thickness of the profile is by generating a
curvature in the trajectory of the profile contour,
so the objective of the design of aerodynamic
profiles in the present work was to obtain
aerodynamic curves profiles, this To obtain
specimens whose aerodynamic fineness is the
highest possible, said fineness is the relationship
between lift and drag force.

For the design of the aerodynamic
profiles, a direct design process was used, which
consists in that, based on the geometry of the
wing profile, its aerodynamic properties are
quantified and according to the results of the
analysis it is decided if the profile is suitable for
application. The geometries were obtained
through an analytical process, this method is the
result of a transformation of complex numbers
known as conformal transformation, said
transformation was carried out by the
mechanical engineer Nikolai Yegoérovich
Joukowsky, for this reason this method was
named in his honor as the Joukowsky
transformation. The next step, after obtaining the
geometries of the wing profiles, through the
conformal transformation, was to study the
profiles using the methodology developed by
Theodorsen, this being the first approximation in
our research project to the velocity and pressure
distributions of the profiles.
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Based on the results obtained, only those
profiles whose pressure distributions were
convenient for the research objective were
selected, after the above, the selected profiles
were studied in the Qblade software, thus
obtaining profiles with a coefficient relationship
of lift with respect to the drag coefficient up to
250. The hypothesis is that the profiles can
develop better lift coefficients by introducing in
them an adequate curvature in the geometry of
the aerodynamic profile.

We will divide the present work into
three sections, the first one quickly deals with
what the Joukowsky transformation is, as well as
showing the graphs of the profiles plotted in the
Matlab software; the second section shows the
pressure distributions in the aerodynamic
profiles resulting from the Theodorsen method:;
and finally, the third section shows the results
obtained in the Qblade software.

1. Profiles obtained by the Joukowsky
transformation.

The Joukowsky transformation is a type of
complex point-to-point transformation that
allows transforming a region of complex
numbers to another pre-established by the first
and also preserving the angles of the original
region, due to the aforementioned properties,
this type of transformation is called as conformal
transformation. Joukowsky, using the parametric
equation of the circumference and a suitable
conformal transformation, managed to develop a
methodology to achieve wing profile
geometries.

According to [3], p. 129, the Joukowsky
transformation is defined as follows.

C2
V=r+ % (1)

The variable "Y" symbolizes the complex
function that represents the points in the
transformed plane that has the shape of the
aerodynamic profile, "f" is another complex
function that describes the points of the closed

2
curve of the circumference and the constant ™ f—6
is equal to the coordinate on the axis of the real
numbers where the transformation is not
conforming.
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For the complex transformation, in the
coordinate of the circumference, to be
conformal, this coordinate must comply with the
first theorem of the conformal mapping.

"If f (z) is analytical and f" (z) # 0 in a
region R, then the transformation w = f (2) is
conformal at all points of R" Spiegel et al.,
(1991), cited by [5].

To simplify the transformation in the
present work, this formula was manipulated to
express it mathematically as follows.

Z'—Z+—2 (2)

The letter "z" corresponds to the complex
analytical function of the first region that
represents the curve of the circumference, and its
equation is the following.

z=—b+ a (e + eit) (3)

The complex variable “z™” is the
corresponding curve that describes the wing
profile, while “b”, “a”, “f” and “t” are the point
of the trailing edge or the coordinate where the
transformation does not it conforms due to the
abrupt change in the angle tangent to the curve,
the radius of the circumference, the angle of
elevation of the circumference, and the variable
whose range goes from zero to twice pi. The
following figures show the parameters in better
detail.

Figure 1.1 Established region of the variable “z”

In Figure 1.1 you can see the closed
curve that describes the complex analytical
function “z", in addition, the parameters "b", "a"
and "B" are indicated, which define the position
and radius of the circumference, in addition, "z."
is the coordinate of the center of the circle.

June, 2021 Vol.5 No.15 17-35
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Figure 1.2 “z” and “z"” planes

Figure 1.2 shows the “z” plane and the
transformed “z”” plane, the two-way arrow
indicates that the process is reversible, that is,
from a circumference through the transformation
as an aerodynamic profile can be obtained and
vice versa. The larger the ratio between “b” and
“a”, the thinner the profile. It should be noted
that this ratio should not exceed one and the
greater the magnitude of "g" the profile will
have a more pronounced curvature, however, it
is recommended that this value does not exceed
ten degrees.

From this transformation, the coordinates
of the curves of the wing profiles were obtained,
whose geometric properties are reflected in the
nomenclature that was implemented. First in the
nomenclature, it is written in capital letter "R"
which refers to the relationship between "b" and
"a" and next to this its value, later it is written,
in the same way, in capital letter "B" which
makes reference to the magnitude in sexagesimal
degrees of the beta parameter and, as the last
data, "A" that indicates the degree of inclination
of the profile with respect to the horizontal axis
which was plotted, that is, its angle of attack.

Table 1.1 lists the profiles developed
through the Joukowsky transformation, in
addition to including the maximum thickness in
percentage of the chord of the profile, the
position of the maximum thickness in percentage
of the chord, the maximum curvature and the
position of the maximum curvature in
percentage of the chord or also called the
maximum ordinate. Next, it is shown, from
Figure 1.3 to Figure 1.7, the geometries of the
aerodynamic profiles listed in Table 1.1.
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Aerodynamic Maximum thickness Maximum chord Parfil Joukowsky
profile code in percentage of the  thickness position in z= 17D - . o
rope. percent ‘
R0.9B5A0 12.55 24.7 :
R0.95B5A0 6.02 24.2 g ‘
R0.85B10A0 18.13 24.4 ‘ |
R0.87B10A0 1551 235 r \
R0.9B10A0 11.35 24.48 ! 1
R0.92B10A0 8.78 24.49 ' |
Aerodynamic Maximum Maximum 1
profile code curvature ordinate in percent ‘
of the chord. N |
R0.9B5A0 4.35 50.5 e p 2 i i .
R0.95B5A0 4.37 485 Numeros reales
R0.85B10A0 8.24 50.8 Ei 1.5 Profile R0.85B10A0
R0.87B10A0 8.29 52 1gure 2.5 Frottie 1O.
R0.9B10A0 8.82 49.28 Parfi Soukowaky
R0.92B10A0 8.82 50.09 ‘ !

Table 1.1 List of profiles obtained by Joukowsky | ‘
transformation " ‘
|
!

Imaginario

Perfil Joukowsky

Numems

Numeros realos

Numems imagnanos

;
|
‘ Figure 1.6 Profile R0.87B10A0
|

Perfil Joukowsky

5 IMaginark

Parfll Joukowsky

Figure 1.3 Profile R0O.9B5A0 : ‘
| - |
!

Numems

Numeros realos

Nimems ma

Figure 1.7 Profile R0.9B10A0

Numearos reales

Figure 1.4 Profile R0.95B5A0
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Perfil Joukowsky
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Figure 1.8 Profile R0.92B10A0
2. Theodorsen method

It has been shown that the potential flow field of
a cylinder can be related to a potential flow of an
airfoil by conformal transformation. Theodorsen
implemented, through the relationship, a
methodology in an analytical way to obtain the
pressure and velocity distribution of the
streamlines  that circulate around any
aerodynamic profile. This methodology was
obtained from [5].

The results obtained were for the profiles
located in Table 1.1, at an angle of attack
identical to zero, this because the aerodynamic
fineness tends to increase when the angle of
attack increases, therefore, if the profile
generates a satisfactory distribution when those
airfoils are in a horizontal position, this
distribution improves as the angle of attack
increases. The result of this methodology is only
an approximation to the real effects caused by
the flow, since the analysis is carried out under
the assumptions of incompressible air, ideal
fluid and irrotational flow.

Next, the graphs of the distributions of
the pressure coefficient, corresponding to the
vertical axis, with respect to the percentage of
the chord of each one of the profiles,
corresponding to the horizontal axis, are
presented; Figure 2.1, Figure 2.2, Figure 2.3,
Figure 2.4, Figure 2.5 and Figure 2.6.

The results of the coefficient of pressure
around the airfoil were used to calculate the
coefficient of lift using the following formula.
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_ ks Cp(x)Extrados B Cp(x)lntrados (4)
Cl= - dx
L Ls — Li

i

The difference “Ls - Li” represents the
chord of the aerodynamic profile and “Cp (x)
Extrados” the local pressure coefficient in each
of the coordinates along the chord of the profile
on the extrados as a function of "x", while “Cp
(x) Intrados” is the local pressure coefficient in
the intrados as a function of "x". The integration
was applied for each of the profiles. Graph 2.1
shows the lift coefficient of each of the
aerodynamic profiles based on equation number
four and the results obtained using Theodorsen's

method.

Graph 2.1 Support coefficients of the profiles

1.2

[ERN

0.

(o]

0.

[op}

0.4

In Graph 2.1 the R0.9B5A0 profile was
the geometry that generated the lowest Iift
coefficient of all the aerodynamic profiles. This
result was already expected since the pressure
distribution of the profile was obtained, which is
represented in Figure 2.2, however, its study
continued because it is the thinnest profile of the
six, and that, due to its little thickness, the drag
coefficient was expected to be much less than its
lift coefficient. Another equation deduced by
William Kutta and Joukowsky was the equation
that calculates the circulation generated by an
aerodynamic profile, mathematically it is
expressed as follows.

['=4nUyaSen(a + B) 5)

Substituting the circulation equation,
equation (5), with respect to the Kutta-
Joukowsky theorem equation, a mathematical
formula is obtained capable of calculating the lift
force of a wing profile.

L = 4mpUs*aSen(a + ) (6)
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Therefore, assuming that the surface of CPVS N
the wing profile is equal to twice the radius of
the circumference of the foreground, the lift
coefficient will be as follows.

CL = 2nSen(a + B) (7)

"I is the flow generated by the
aerodynamic profile, "U," is the speed of the
free stream, "a" is the radius of the
circumference, "a" is the angle of attack and "B"
is the angle of elevation. of the circumference.

Figure 2.3 Pressure distribution of profile R0.85B10A0

Figure 2.1 Pressure distribution of profile R0.9B5A0

Figure 2.4 Pressure distribution of profile R0.87B10A0

Figure 2.2 Pressure distribution of profile R0.95B5A0

Figure 2.5 Pressure distribution of profile R0.9B10A

ISSN 2523-6776 ROMERO-GOMEZ, Gabriel Adrian & LOPEZ-GARZA, Victor. Direct
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CP VS %C

Figure 2.6 Pressure distribution of profile R0.92B10A0

Comparing the results obtained, it was
observed that different results are obtained
between both methodologies. The aerodynamic
profile shown in Figure 1.3, is a profile of
medium thickness, the generation of the pressure
coefficients is satisfactory, according to the
Theodorsen method the lift coefficient "CI" is
0.73, this value is close to the value of the
coefficient lift of 0.54, from equation (7),
however, the deviation between the two values
IS -25% with respect to the Theodorsen method.
The approximation has a substantial difference
with respect to the method developed by
Theodorsen, being, in this case, the different
results due to the thickness of the profile.

The aerodynamic profile shown in Figure
1.4, is a thin thickness profile, the generation of
the pressure coefficients is satisfactory,
according to the Theodorsen method the lift
coefficient "CI" is 0.4, this value is close to the
value of the coefficient lift of 0.54, from
equation (7), however, the deviation between the
two values is 35% with respect to Theodorsen's
method. The approximation has a substantial
difference with respect to the method developed
by Theodorsen, being, in this case, the different
results due to the thickness of the profile.

The aerodynamic profile, shown in
Figure 1.5, is a thick thickness profile, the
generation of the pressure coefficients is
satisfactory, according to the Theodorsen
method the lift coefficient "CI" is 1.088, this
value is quite close to the value of the Ilift
coefficient of 1.095, from equation (7), the
deviation between the two values is 0.28% with
respect to the Theodorsen method.
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The aerodynamic profile, shown in
Figure 1.6, is a medium thickness profile, the
generation of the pressure coefficients is
satisfactory, according to the Theodorsen
method the lift coefficient "CI" is 1.082, this
value is quite close to the value of the Ilift
coefficient of 1.095, from equation (7), the
deviation between the two values is 1.2% with
respect to the Theodorsen method.

The aerodynamic profile, shown in
Figure 1.7, is a profile of medium thickness, the
generation of the pressure coefficients is
satisfactory, according to the Theodorsen
method the lift coefficient "CI" is 0.88, this value
is close to the value of the lift coefficient of
1.095, from equation (7), however, the deviation
has an important value between the two values,
being 24.43% with respect to the Theodorsen
method. The approximation has a substantial
difference with respect to the method developed
by Theodorsen, being in this case, the thickness
of the profile the cause of the difference.

The aerodynamic profile, shown in
Figure 1.8, is a profile of thin thickness, the
generation of the pressure coefficients is
satisfactory, according to the Theodorsen
method the lift coefficient "CI" is 0.68, this value
deviates to the value of the lift coefficient of
1.095, from equation (7), however, the deviation
between the two values is 61% with respect to
the Theodorsen method. The approximation has
a substantial difference with respect to the
method developed by Theodorsen, being, in this
case, the thickness of the profile the cause of the
difference.

3. Analysis in Qblade

Qblade is a wind turbine calculation software,
the integration of the XFOIL / XFLR5
functionality allows to design custom
aerodynamic profiles and calculate their
performance poles, this being an excellent tool
for the purpose of research.

The results made it possible to obtain the
angle of attack that provides the greatest
aerodynamic finesse in addition to the drag and
lift coefficients. Next, the figures of the graphs
are presented, with parameters of the Reynolds
number indicated in each of the figures of the
order in millions of units.

ROMERO-GOMEZ, Gabriel Adrian & LOPEZ-GARZA, Victor. Direct
design process of aerodynamic profiles using the Joukowsky
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Figure 3.1, Figure 3.2 and Figure 3.3 are
the results in the Qblade software of the R0.9B5
profile at different Reynolds numbers of the
order of millions and different angles of attack.

Figure 3.1 shows that the highest
coefficient of resistance occurs at an angle of
attack of twenty degrees, this being around 0.09,
however, they are satisfactory results due to their
reduced magnitudes.

Figure 3.2 indicates that the Iift
coefficient falls at an angle of attack around 7.5,
because the graphs of the lift coefficient against
the angle of attack are no longer linear, the value
at this angle of attack is 1.4.

Figure 3.3 shows that the best
aerodynamic fineness produced by the profile
occurs at an angle of attack of 4 degrees of
camber, the corresponding value of the
aerodynamic fineness at this angle of attack is
around 140 to 155.

Figure 3.4, Figure 3.5 and Figure 3.6 and
3.6 are the results in the Qblade software of the
profile R0.95B5 at different Reynolds numbers
and angles of attack.

Figure 3.4 shows that the highest drag
coefficient occurs at an angle of 20 degrees, the
values of this coefficient increase dramatically
after an angle of attack of 10 degrees. The
magnitudes of the drag coefficients, for angles of
attack less than 10 degrees, are less than 0.05,
this result is quite satisfactory.

Figure 3.5 indicates that the Ilift
coefficient does not drop to the angle of attack
around ten degrees, this being a somewhat
satisfactory result. The lift coefficient values
range from 1.2 to 1.6.

Figure 3.6 shows that the best
aerodynamic fineness produced by the profile is
given at an angle of attack of 2.3 degrees of
camber, the corresponding value of the
aerodynamic fineness at this angle of attack is
130 to 157.

Figure 3.7, Figure 3.8 and Figure 3.9 are
the results in the Qblade software of the profile
R0.85B10.
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Figure 3.7 shows that the highest drag
coefficient occurs at an angle of attack around
twenty degrees, this being its value between 0.09
and 0.1.

Figure 3.8 indicates that the Ilift
coefficient does not drop at the angle of attack of
about twenty degrees, this being a very
satisfactory result. The lift coefficient values
range from 1.8 to 2. Its graph is linear up to an
angle of attack value of 7 degrees.

Figure 3.9 shows that the best
aerodynamic fineness produced by the profile is
given at an angle of attack of 4 degrees of lean,
the corresponding value of the aerodynamic
fineness at this angle of attack is 142 to 220.

Figures 3.10, 3.11 and 3.12 are the results
in the Qblade software of the profile R0.87B10.

Figure 3.10 shows that the highest drag
coefficient occurs at an angle of attack of around
twenty degrees, this being its value between 0.8
and 0.12. However, under small angles of attack,
the values of the drag coefficient are low.

Figure 3.11 indicates that the Ilift
coefficient does not drop at the angle of attack of
about eight degrees, this being a very
satisfactory result. The lift coefficient values
range from 1.7 to 1.8.

Figure 3.12 shows that the best
aerodynamic fineness produced by the profile is
given at an angle of attack of 4 degrees of lean,
the corresponding value of the aerodynamic
fineness at this angle of attack is 159 to 224.

Figure 3.13, Figure 3.14 and Figure 3.15
are the results in the Qblade software of the
profile R0.9B10.

Figure 3.13 shows that the highest drag
coefficient occurs at an angle of attack of around
twenty degrees, this being its value between 0.8
and 0.12. However, the magnitudes of the drag
coefficient are reduced for angles of attack less
than 10 degrees.

ROMERO-GOMEZ, Gabriel Adrian & LOPEZ-GARZA, Victor. Direct
design process of aerodynamic profiles using the Joukowsky
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Figure 3.14 indicates that the lift
coefficient does not drop to the angle of attack of
about twenty degrees, this being a very
satisfactory result. The lift coefficient values
range from 1.5 to 1.9. It must be said that there
IS a variation in the graph within the line at an
angle of attack of four degrees, however, this
fact must be verified in a wind tunnel. The
coefficient drops to an approximate angle of
attack of 7 degrees.

Figure 3.15 shows that the best
aerodynamic fineness produced by the profile is
given at an angle of attack of 4 degrees lean, the
corresponding value of the aerodynamic
fineness at this angle of attack is between the
range of 175 to 225.

Figure 3.16, Figure 3.17 and Figure 3.18
are the results in the Qblade software of the
profile R0.92B10.

Figure 3.16 shows that the highest
coefficient of resistance occurs at an angle of
attack of around twenty degrees, this being its
value between 0.07 and 0.16. For angles of
attack less than 10 degrees, the magnitudes of the
drag coefficient are less than 0.025, being a
satisfactory result.

Figure 3.17 indicates that the Iift
coefficient does not drop to the angle of attack
around eight degrees, this being a very
satisfactory result. The lift coefficient values
range from 1.6.

Figure 3.18 shows that the best
aerodynamic fineness produced by the profile is
given at an angle of attack between 4 to 5
degrees of lean, the corresponding value of the
aerodynamic fineness at this angle of attack is
200 to 250.

The results in the XFOIL analysis are
very close to that of equation number (7), this
corroborates that the lift coefficients are close to
those that the Kutta-Joukowsky theorem
equation quantifies, the Theodorsen method
instead is only Accurate for certain profiles of
medium thickness and thick profiles.
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4

Figure 3.1 Results of the Qblade software of the profile
R0.9B5 drag coefficient against the angle of attack.

Figure 3.2 Results of the Qblade software of the R0.9B5
profile coefficient of lift versus angle of attack.

1

Figure 3.3 Results of the Qblade software of the profile
R0.9B5 aerodynamic fineness against angle of attack.
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cd

RO.95B5 S/E
T1_Re1.000_M0.00_N9.0
— TI_Rel.500_M0.00_N9.0
— TI_Rel0.000_M0.00_N9.0
— TI_Rel5.000_MO0.00_N9.0
— TI_Re2.000_M0.00_N9.0
—  TI_Re2.500_M0.00_N9.0
—  TI_Re20.000_MO0.00_N9.0
T1_Re3.000_M0.00_N9.0
— TI_Res.000_M0.00_NF.0

Figure 3.4 Qblade software results of the R0.9B5 profile
coefficient of drag versus angle of attack.

RO.95B5 S/E
T1_Re1.000_M0.00_N9.0
— T1_Rel.500_MO0.00_N9.0
— T1_Rel0.000_MO0.00_N$.0
— T1_Rel5.000_MO0.00_N9.0
— T1_Re2.000_MO0.00_N9.0
—— T1_Re2.500_M0.00_N9.0
— T1_Re20.000_MO0.00_N9.0
T1_Re3.000_M0.00_N9.0
— T1_Re6.000_MO0.00_N9.0

Figure 3.5 Results of the Qblade software of the R0.95B5
profile coefficient of lift versus angle of attack.

Cl/Cd

R0O,2585 S/E
T1_Re1.000_MO0.00_N?%.0
T1_Re1,500_MO.00_N9%.0
T1_Re10,000_MO,00_N9%.0
T1_Re15.000_MO.00_N9.0

— T1_R&2.000_MO0.00_N?.0
T1_Re2.500_MO.00_N?.0
T1_R&20,000_MO0.00_N7.0
T1_Re3.000_MO.00_N%9,0
'1_Reé.000_M0.00_N9.0

Figure 3.6 Results of the Qblade software of the profile
R0.95B5 aerodynamic fineness against angle of attack.
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Figure 3.7 Qblade software results of profile R0.85B10
coefficient of drag versus angle of attack.

Figure 3.8 Qblade software results of the R0.85B10
profile coefficient of lift versus angle of attack.
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Figure 3.9 Results of the Qblade software of the profile
R0.85B10 aerodynamic fineness against angle of attack.
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Figure 3.10 Results of the Qblade software of the profile Figure 3.13 Results of the Qblade software of the profile
R0.87B10 drag coefficient against the angle of attack. R0.9B10 drag coefficient against the angle of attack.
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Figure 3.11 Results of the Qblade software of the profile Figure 3.14 Results of the Qblade software of the profile
R0.87B10 coefficient of lift against angle of attack R0.9B10 coefficient of lift versus angle of attack.
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Figure 3.12 Results of the Qblade software of the profile Figure 3.15 Results of the Qblade software of the profile
R0.87B10 coefficient of lift against angle of attack R0.9B10 aerodynamic fineness against angle of attack.
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Figure 3.16 Qblade software results of profile R0.9B10
coefficient of drag versus angle of attack

Figure 3.17 Results of the Qblade software of the profile
R0.92B10 coefficient of lift against angle of attack

Figure 3.18 Results of the Qblade software of the profile
R0.92B10 aerodynamic fineness against angle of attack.
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4. Transition points of the wing profiles

The transition points are the coordinates defined
in percentage of the chord where the laminar
flow around the wing profile changes to a
transitory or turbulent one due to the laminar
separation bubble, these points are provided by
the software, these coordinates being called
"Upper trans "," Upper transition "refers to the
transition in the upper surface, while the term"
Lower trans "refers to™ Lower transition *, which
indicates the transition point of the flow in the
intrados.

Profile R0.9B5A0

Attack angle 0 °

Reynolds | Upper transition | Lower transition
1.5x10"6 62.60% 30.30%
2x10"6 60.00% 27.50%
2.5x10"6 56.60% 25.80%
3x10"6 53.50% 24.10%
5x10"6 46.80% 20.70%
11x10"6 37.70% 16.30%
15x10"6 36.00% 14.20%
20x10"6 32.30% 14.00%

Table 4.1 Transition points of profile R0.9B5A0

Table 4.1 indicates that the profile
achieves, for an angle of attack equal to zero, to
generate under small Reynolds numbers, for
example for a Reynolds number of 3 million, the
laminar flow reaches up to 53.3% of its chord in
the extrados , while in the intrados the laminar
flow begins to form up to 24.1% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, for example 11 million,
is acceptable since the profile is capable to
maintain a laminar flow up to 37.7% of its chord
while the laminar flow in the ceiling appears up
to 16.3% of it.

Table 4.2 indicates that the profile
achieves, for an angle of attack equal to 2.5°, to
generate under small Reynolds numbers, equal
to 3 million, a laminar flow of up to 37.6% of its
chord in the extrados, while in the intrados
laminar flow begins to form up to 44.7% of the
chord of the wing profile, in addition, its
performance at high Reynolds numbers, of 11
million, allows a laminar flow to be obtained on
most soffits but not on the extrados, since the
profile is capable of maintaining laminar flow up
to 28% of its chord while laminar flow in the
intrados appears up to 29.5% of it.
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Table 4.3 indicates that the profile
achieves, for an angle of attack equal to 5 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 27.7% of its chord
on the extrados, while in the intrados laminar
flow begins to form up to 61% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 11 million, allows
a laminar flow to be obtained over most of the
intrados but not over the extrados , since the
profile is capable of maintaining laminar flow up
to 17.1% of its chord while laminar flow in the
intrados appears up to 48.6% of it.

Profile R0.9B5A2.5

Angle of attack 2.5 °

Reynolds | Upper transition | Lower transition
1.5x10"6 44.70% 53.80%
2x10"6 41.20% 50.20%
2.5x10"6 39.80% 47.30%
3x10"6 37.60% 44.70%
5x10"6 33.70% 38.90%
11x10"6 28.00% 29.50%
15x10"6 24.70% 26.30%
20x10"6 23.70% 24.10%

Table 4.2 Transition points of profile R0.9B5A2.5

Profile R0O.9B5A5

Angle of attack 5 °

Reynolds | Upper transition | Lower transition
1.5x10"6 31.70% 67.70%
2x1076 29.80% 65.10%
2.5x10"6 28.10% 63.30%
3x1076 27.70% 61.00%
5x10"6 23.90% 58.00%
11x10"6 17.10% 48.60%
15x10"6 14.10% 44.60%
20x10"6 11.70% 40.60%

Table 4.3 Transition points of profile R0.9B5A5

Table 4.4 indicates that the profile
achieves, for an angle of attack equal to 7.5 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 11.4% of its chord
on the extrados, while in the intrados the laminar
flow is never formed, in addition, its
performance for high Reynolds numbers, than
11 million, allows to obtain a laminar flow over
most of the intrados but not over the extrados,
since the profile is capable of maintaining a flow
laminar up to 5% of its chord while laminar flow
in the soffit appears up to 60.9% of it.

June, 2021 Vol.5 No.15 17-35

The tables of the transition points are
located in the annexes, the first annex contains
the tables of the transition points of the R0.95B5
profile, the second annex the tables of the
R0.85B10 profile, the third annex the tables of
the RO profile. 87B10, the fourth appendix the
tables of the profile R0.9B10 and the fifth the
tables of the profile R0.92B10.

Profile R0.9B5A7.5

ngle of attack 7.5 °

Reynolds | Upper transition | Lower transition
1.5x10"6 20.30% 100.00%
2x10"6 16.50% 100.00%
2.5x10"6 13.50% 100.00%
3x10"6 11.40% 100.00%
5x10"6 7.80% 69.60%
11x10"6 5.00% 60.90%
15x10"6 3.60% 60.10%
20x10"6 2.50% 56.40%

Table 4.4 Transition points of profile R0.9B5A7.5
Conclusions

1. It was found that the curvature in the
contour of the profile causes an increase
in the lift coefficient, a fact that is
corroborated by the circulation equation,
and in addition, the relationship between
the lift coefficient and the drag
coefficient is wider, consequently A thin
profile with the appropriate curvature
generates a greater aerodynamic fineness
compared to a thicker one, in addition, in
theory the thin profile can develop a
greater lift coefficient than a thick thick
one, this can be observed if the
performances performed by the profiles
R0.92B10 and R0.87B10.

2. The Joukowsky transformation allows to
obtain  aerodynamic  profiles  with
satisfactory performance values, but due
to the uniqueness in the “-b” coordinate,
the transformation generates a very sharp
trailing edge.

3. Analysis by Theodorsen method is not
effective for thin and some medium
airfoils, check Table 1 from the annex 6.

4. Thicker profiles tend to perform better at
high angles of attack compared to thinner
profiles.
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5. The thicker profiles better preserve the
boundary layer on the surface by
increasing the angle of attack compared
to the thin profiles, see tables of the
transition points of profile R0.85B10.

6. Thin wing profiles at high angles of
attack generate very high drag
coefficients and turbulent flows over the
surface, see profile tables R0.95B5,
R0.9B5, R0.92B10 and R0.9B10.

7. It was found that, in theory, as the
Reynolds number increases, the flow on
the upper surface becomes turbulent,
while on the lower surface the flow
becomes laminar.
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Annexes
Annex 1

Table 4.5 indicates that the R0.95B5 profile
achieves, for an angle of attack equal to zero, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 69% of its chord on
the extrados, while in the intrados the laminar
flow begins to form up to 27.4% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 11 million, is
satisfactory since the profile is capable of
maintaining a laminar flow up to 49.1% of its
chord while laminar flow in the soffit appears up
to 13.9% of it.

Profile R0.95B5A0

Attack angle 0 °

Reynolds | Upper transition | Lower transition
1.5x10"6 75.80% 34.10%
2x1076 73.50% 31.10%
2.5x10"6 71.20% 29.10%
3x10"6 69.00% 27.40%
5x10"6 60.40% 20.70%
11x10"6 49.10% 13.90%
15x10"6 44.00% 12.00%
20x10"6 38.80% 10.30%

Table 4.5 Transition points of profile R0.95B5A0
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Table 4.6 indicates that the profile
achieves, for an angle of attack equal to 3 °, to
generate under small Reynolds numbers, of 3
million, a laminar flow of up to 19.8% of its
chord on the extrados, although it is important
Note that at this angle of attack, the boundary
layer is dramatically affected in a negative way
as the Reynolds number increases in the
analyzes, in the intrados no laminar flow is
generated at any point of the chord of the wing
profile, in addition , its performance for high
Reynolds numbers, higher than 11 million,
allows a laminar flow to be obtained over most
of the intrados but not over the extrados, since
the profile is capable of maintaining a laminar
flow up to 3.7% of its chord while laminar flow
in the soffit appears up to 41.2% of it.

Profile R0.95B5A3

Angle of attack 3 °

Reynolds | Upper transition | Lower transition
1.5x10"6 40.90% 100.00%
2x10"6 31.60% 100.00%
2.5x10"6 24.40% 100.00%
3x10"6 19.80% 100.00%
5x10"6 10.80% 69.60%
11x10"6 3.70% 41.20%
15x10"6 3.20% 34.40%
20x10"6 1.50% 27.70%

Table 4.6 Transition points of profile R0.95B5A3

Profile R0.95B5A7 |

Angle of attack 7 °

Reynolds | Upper transition | Lower transition
1.5x10"6 0.50% 100.00%
2x10"6 0.40% 100.00%
2.5x10"6 0.30% 100.00%
3x10"6 0.30% 100.00%
5x10"6 0.30% 100.00%
11x10"6 0.20% 100.00%
15x10"6 0.20% 100.00%
20x10"6 0.20% 100.00%

Table 4.7 Transition points of profile R0.95B5A7

Table 4.7 indicates that the profile
R0.95B5A7 achieves, for an angle of attack
equal to 7 °, to generate under small Reynolds
numbers, than 3 million, a laminar flow up to
0.3% of its chord on the extrados, while in the
intrados does not generate laminar flow, in
addition, its performance for high Reynolds
numbers, greater than 11 million, the profile
maintains its laminar flow up to 0.2% of its
chord on the extrados, on the other hand, in the
intrados, all the flow on the surface it is
turbulent.
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Annex 2 Table 4.10 indicates that the profile

Table 4.8 indicates that the R0.85B10 profile
achieves, for an angle of attack equal to zero, to
generate under small Reynolds numbers, than 3
million, a laminar flow of 53.9% of its chord on
the extrados, while in the intrados the laminar
flow begins to form up to 17.8% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, is
acceptable since the profile is capable of
maintaining a laminar flow up to the 48.2% of its
chord while laminar flow in the soffit appears up
to 14.3% of it.

Profile R0.85B10A0 |

Attack angle 0 °

Reynolds | Upper transition | Lower transition
1.5x10"6 56.80% 19.80%
2x10"6 55.50% 18.90%
2.5x10"6 54.60% 18.40%
3x10"6 53.90% 17.80%
5x10"6 51.40% 16.50%
10x10"6 48.20% 14.30%
15x10"6 45.70% 13.00%
20x10"6 43.40% 12.30%

Table 4.8 Transition points of profile R0.85B10A0

Profile R0.85B10A3 |

Angle of attack 3 °

Reynolds | Upper transition | Lower transition
1.5x10"6 51.90% 27.80%
2x10"6 50.60% 26.50%
2.5x10"6 49.60% 26.10%
3x10"6 48.50% 25.70%
5x10"6 46.10% 23.70%
10x10"6 41.70% 22.30%
15x10"6 37.70% 21.10%
20x10"6 35.20% 19.80%

Table 4.9 Transition points of profile R0.85B10A3

Table 4.9 indicates that the profile
achieves, for an angle of attack equal to 3 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow of 48.5% of its chord on
the extrados, while on the intrados laminar flow
begins to form up to 25.7% of the chord of the
wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, is
acceptable since the profile is capable of
maintaining a laminar flow up to 41.7% of its
chord while laminar flow in the soffit appears up
t0 22.3% of it.
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achieves, for an angle of attack equal to 7 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow of 39.2% of its chord on
the extrados, while in the intrados laminar flow
begins to form up to 37.7% of the chord of the
wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, is
acceptable since the profile is capable of
maintaining a laminar flow up to 26.4% of its
chord while the laminar flow in the intrados
appears up to 31.4% of it.

Profile R0.85B10A7 |

Angle of attack 7 °

Reynolds | Upper transition | Lower transition
1.5x10"6 44.00% 42.60%
2x10"6 42.10% 40.50%
2.5x10"6 40.70% 39.20%
3x10"6 39.20% 37.70%
5x10"6 33.00% 34.60%
10x10"6 26.40% 31.40%
15x10"6 22.20% 28.90%
20x10"6 19.30% 28.20%

Table 4.10 Transition points of profile R0.85B10A7

Table 4.11 indicates that the profile
achieves, for an angle of attack equal to 14 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 17.7% of its chord
on the extrados, while in the intrados the flow is
never laminar, in addition, for high Reynolds
numbers, than 10 million, the profile is capable
of maintaining a laminar flow up to 5.3% of its
chord while the laminar flow in intrados is never
generated.

Profile R0.85B10A14 |

Angle of attack 14 °

Reynolds | Upper transition | Lower transition
1.5x10"6 22.30% 100.00%
2x10"6 20.50% 100.00%
2.5x10"6 19.00% 100.00%
3x10"6 17.70% 100.00%
5x10"6 12.50% 100.00%
10x10"6 5.30% 100.00%
15x10"6 2.90% 60.30%
20x10"6 1.70% 53.90%

Table 4.11 Transition points of profile R0.85B10A14
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Table 4.12 indicates that the profile
achieves, for an angle of attack equal to 20 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 5.4% of its chord
on the extrados, while in the intrados the flow is
never laminar, in addition, for high Reynolds
numbers, than 10 million, the profile is capable
of maintaining a laminar flow up to 1.3% of its
chord while the laminar flow in intrados is never
generated again.

Profile R0.85B10A20 |

Angle of attack 20°

Reynolds | Upper transition | Lower transition
1.5x10"6 9.00% 100.00%
2x10"6 7.40% 100.00%
2.5x10"6 6.10% 100.00%
3x10"6 5.40% 100.00%
5x10"6 3.50% 100.00%
10x10"6 1.30% 100.00%
15x10"6 0.50% 100.00%
20x10"6 0.40% 100.00%

Table 4.12 Transition points of profile R0.85B10A20

Annex 3

Attack angle 0°

Reynolds | Upper transition | Lower transition
1.5x10"6 57.20% 19.80%
2x10"6 56.30% 19.10%
2.5x10"6 55.10% 18.50%
3x10"6 54.40% 17.80%
5x10"6 52.00% 16.10%
10x10"6 48.90% 13.90%
15x10"6 46.20% 13.00%
20x10"6 43.70% 12.00%

Table 4.13 Transition points of profile R0.87B10A0

Table 4.13 indicates that the profile
achieves, for an angle of attack equal to zero, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 54.4% of its chord
on the extrados, while on the intrados laminar
flow begins to form up to 17.8% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, is
satisfactory since the profile is capable of
maintaining a laminar flow up to 48.9% of its
chord while the laminar flow in the soffit appears
up to 13% of it.
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Table 4.14 indicates that the profile
achieves, for an angle of attack equal to 3 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 48.7% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 25.3% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, allows
to obtain a laminar flow, since the profile is
capable of maintaining a flow laminar up to
41.5% of its chord while laminar flow in the
soffit appears up to 21.7% of it.

Profile R0.87B10A3 |

Angle of attack 3 °

Reynolds | Upper transition | Lower transition
1.5x10"6 52.00% 27.20%
2x10"6 50.90% 25.90%
2.5x10"6 49.60% 25.60%
3x10"6 48.70% 25.30%
5x10"6 45.90% 23.60%
10x10"6 41.50% 21.70%
15x10"6 38.60% 21.10%
20x10"6 35.80% 19.90%

Table 4.14 Transition points of profile R0.87B10A3

Table 4.14 indicates that the profile
achieves, for an angle of attack equal to 3 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 48.7% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 25.3% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, allows
to obtain a laminar flow, since the profile is
capable of maintaining a flow laminar up to
41.5% of its chord while laminar flow in the
soffit appears up to 21.7% of it.

Profile R0.87B10A5 |

Angle of attack 5 °

Reynolds | Upper transition | Lower transition
1.5x10"6 48.30% 33.60%
2x10"6 46.80% 32.50%
2.5x10"6 45.60% 31.20%
3x10"6 44.60% 30.70%
5x10"6 42.00% 28.40%
10x10"6 36.90% 25.90%
15x10"6 30.30% 25.80%
20x10"6 28.80% 23.60%

Table 4.15 Transition points of profile R0.87B10A5
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Table 4.15 indicates that the profile
achieves, for an angle of attack equal to 5 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 44.6% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 30.7% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, allows
to obtain a laminar flow, since the profile is
capable of maintaining a flow laminar up to
36.90% of its chord while laminar flow in the
soffit appears up to 25.8% of it.

Profile R0.87B10A7.5 |

Angle of attack 7.5 °

Reynolds | Upper transition | Lower transition
1.5x10"6 43.50% 54.70%
2x10"6 41.80% 49.40%
2.5x10"6 40.10% 46.10%
3x10"6 39.30% 44.40%
5x10"6 34.60% 39.20%
10x10"6 24.40% 33.40%
15x10"6 19.00% 32.70%
20x10"6 18.60% 29.20%

Table 4.16 Transition points of profile R0.87B10A7.5

Table 4.16 indicates that the profile
achieves, for an angle of attack equal to 7.5 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 39.3% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 44.4% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, allows
to obtain a laminar flow up to 24.4% of its chord
while the flow laminar on the intrados appears
up to 33.4% of it.

Profile R0.87B10A10 |

Angle of attack 10 °

Reynolds | Upper transition | Lower transition
1.5x10"6 34.80% 100.00%
2x10"6 31.20% 100.00%
2.5x10"6 28.20% 100.00%
3x10"6 25.70% 100.00%
5x10"6 20.00% 68.30%
10x10"6 14.70% 46.00%
15x10"6 11.20% 40.80%
20x10"6 8.20% 37.70%

Table 4.17 Transition points of profile R0.87B10A10
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Table 4.17 indicates that the profile
achieves, for an angle of attack equal to 10 °, to
generate under small Reynolds numbers, less
than 3 million, a laminar flow up to 25.7% of its
chord on the extrados, while in the intrados
laminar flow does not appear for these
conditions, its performance for high Reynolds
numbers, greater than 10 million, the profile is
capable of maintaining laminar flow up to 14.7%
of its chord while laminar flow in the intrados
appears up to 46% of it.

Annex 4

Profile R0.9B10A0

Attack angle 0 °

Reynolds | Upper transition | Lower transition
1.5x10"6 61.50% 18.50%
2x10"6 60.40% 16.60%
2.5x10"6 59.00% 16.10%
3x10"6 57.20% 15.30%
5x10"6 55.10% 13.40%
10x10"6 52.00% 10.70%
15x10"6 48.90% 9.20%
20x10"6 44.90% 8.60%

Table 4.18 Transition points of profile R0.9B10A0

Table 4.18 indicates that the profile
achieves, for an angle of attack equal to zero, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 57.7% of its chord
on the extrados, while in the intrados laminar
flow begins to form up to 15.3% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, is very
satisfactory since the profile is capable of
maintaining a laminar flow up to 52 % of its
chord while laminar flow in the intrados appears
up to 10.7% of it.

Profile R0.9B10A3 |

Angle of attack 3 °

Reynolds | Upper transition | Lower transition
1.5x10"6 54.90% 31.80%
2x10"6 53.00% 30.90%
2.5x10"6 51.40% 30.90%
3x10"6 48.90% 29.80%
5x10"6 44.80% 28.10%
10x10"6 40.50% 25.20%
15x10"6 36.50% 22.40%
20x10"6 32.70% 19.40%

Table 4.19 Transition points of profile R0.9B10A3
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Table 4.19 indicates that the profile
achieves, for an angle of attack equal to 3 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 48.9% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 29.8% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, is
satisfactory since the profile is capable of
maintaining a laminar flow up to 40.5 % of its
chord while laminar flow in the intrados appears
up to 25.2% of it.

Profile R0.9B10A6 |

Attack angle 6 °

Reynolds | Upper transition | Lower transition
1.5x10"6 44.70% 100.00%
2x10"6 41.20% 67.60%
2.5x10"6 39.70% 56.80%
3x10"6 36.70% 47.50%
5x10"6 24.00% 37.70%
10x10"6 13.40% 32.00%
15x10"6 8.50% 30.80%
20x10"6 4.60% 29.00%

Table 4.20 Transition points of profile R0.9B10A6

Table 4.20 indicates that the profile
achieves, for an angle of attack equal to 6 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 36.7% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 47.5% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, the
profile is capable of maintaining a laminar flow
up to 13.4% of its chord while laminar flow in
the intrados appears up to 32% of it.

Profile R0.9B10A8 |

IAngle of attack 8 °
Reynolds | Upper transition | Lower transition
1.5x10"6 33.50% 100.00%
2x10"6 26.60% 100.00%
2.5x10"6 21.20% 100.00%
3x10"6 17.70% 100.00%
5x10"6 11.30% 100.00%
10x10"6 4.60% 42.70%
15x10"6 1.60% 37.70%
20x10"6 0.70% 35.10%

Table 4.21 Transition points of profile R0.9B10A8
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Table 4.21 indicates that the profile
achieves, for an angle of attack equal to 8 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 17.7% of its chord
on the extrados, while in the intrados the flow is
never generated, in addition, its performance for
high Reynolds numbers, than 10 million, the
profile is capable of maintaining a laminar flow
up to 4.6% of its chord while the laminar flow in
the intrados appears up to 42.7 % Of the same.

Annex 5

Table 4.22 indicates that the profile achieves, for
an angle of attack equal to zero, to generate
under small Reynolds numbers, than 3 million, a
laminar flow up to 61.8% of its chord on the
extrados, while on the intrados laminar flow
begins to form up to 14% of the chord of the
wing profile, in addition, its performance for
high Reynolds numbers, greater 10 million, is
satisfactory since the profile is capable of
maintaining a laminar flow up to 55% of its
chord while laminar flow in the soffit appears up
to 10% of it.

Profile R0.92B10A0

Attack angle 0 °

Reynolds | Upper transition | Lower transition
1.5x10"6 65.80% 16.60%
2x10"6 64.10% 15.30%
2.5x10"6 62.50% 14.70%
3x10"6 61.80% 14.00%
5x10"6 59.10% 12.40%
10x10"6 55.00% 10.00%
16x10"6 51.10% 9.10%
20x10"6 48.40% 8.30%

Table 4.22 Transition points of profile R0.92B10A0

Profile R0.92B10A3 |

Angle of attack 3 °

Reynolds | Upper transition | Lower transition
1.5x10"6 58.60% 39.50%
2x10"6 57.00% 36.70%
2.5x10"6 55.20% 34.80%
3x10"6 53.80% 33.20%
5x10"6 50.00% 29.80%
10x10"6 45.00% 24.90%
16x10"6 38.50% 21.80%
20x10"6 33.60% 21.00%

Table 4.23 Transition points of profile R0.92B10A3
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Table 4.23 indicates that the profile
achieves, for an angle of attack equal to 3 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 53.8% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 33.2% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, is
satisfactory since the profile is capable of
maintaining a laminar flow up to 45 % of its
chord while laminar flow in the intrados appears
up to 24.9% of it.

Table 4.24 indicates that the profile
achieves, for an angle of attack equal to 5 °, to
generate under small Reynolds numbers, than 3
million, a laminar flow up to 42.6% of its chord
on the extrados, while in the intrados the laminar
flow begins to form up to 93% of the chord of
the wing profile, in addition, its performance for
high Reynolds numbers, than 10 million, the
profile is capable of maintaining a laminar flow
up to 12.7% of its chord while the laminar flow
in the intrados appears up to 35.5% of it.

Profile R0.92B10A5 |

Angle of attack 5 °

Reynolds | Upper transition | Lower transition
1.5x10"6 51.80% 100.00%
2x10"6 48.00% 100.00%
2.5x10"6 45.2% 100.00%
3x10"6 42.60% 93.00%
5x10"6 29.80% 45.80%
10x10"6 12.70% 35.50%
16x1076 7.50% 31.40%
20x10"6 5.40% 30.20%

Table 4.24 Transition points of profile R0.92B10A5

Annex 6

Comparison of the results of the lift coefficients, at an angle identical to

Zero

0 1 2 3 4 5
Profile Clofthe |ClI of |CI of |Percentage |Percentage
name equation | the Theodorsen's | difference | difference
(3.6.6.1) |analysis | method of 1 with |of 3 with
in the respect to |respect to
XFLR5 2 2
softwar,
in
Qblade
R0.9B5A0 0.54 0.56 0.73 3.57% -30.35%
R0.95B5A0 0.54 0.54 0.4 0% 25.9%
R0.85B10A 1.09 1.05 1.088 -3.8% -3.61%
R0.87B10A0 1.09 1.06 1.082 -2.83 -2.075%
R0.9B10A0 1.09 1.1 0.88 0.9% 20%
R0.92B10A0 1.09 111 0.68 1.8% 38.73%

Table 1 Comparison of the results between the three
methodologies
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