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Abstract—Performance of the Darrieus turbine is
determined by blade characteristics. In the static conditions,
an excellent blade characteristic is that it not only has
magnitudes such as drag coefficient, lift, and high pressure
but also has a distribution of these quantities effectively in
each azimuth angle. This study aims to find the right shape
of the blade so that the quantities are effectively distributed
in various azimuth angles. The formation of the blade model,
the establishment of the domain model, element distribution
process, determination of boundary conditions, and analysis
process of blade characteristics is carried out by CFD. The
results of the study show that the blade that changes the
shape of the trailing edge of the semicircle is better than the
blade that changes the shape of the trailing edge of the
triangle and the blade that does not change the shape of the
trailing edge.

Index Terms—trailing edge, CFD, blade characteristic

I.  INTRODUCTION

Wind turbines are used to convert wind energy into
mechanical energy. By the changing wind direction,
turbines developed to convert wind energy are Vertical
Axis Wind Turbines (VAWT) such as Darrieus, Savonius,
and Gorlov turbines. According to A. N. Gorban, A. M.
Gorlov and V. M. Silantyev [1], the Darrieus turbine
power coefficient is lower than the Gorlov turbine and
higher than the Savonius turbine. However, Darrieus
turbine construction is easy and feasible to develop
further.

Unlike the Savonius, Turbine Darrieus and Gorlov
turbines use the National Advisory Committee for
Aeronautics (NACA) profile blade. The application of the
NACA profile on the Darrieus turbine blade was first
carried out by the inventor of the Darrieus turbine. Since
it was discovered and patented, the Darrieus turbine has
been used as an object of research both to determine the
characteristics and to improve turbine performance.
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Studies to improve turbine performance have been
carried out in various ways, such as modifying blades,
arms, and turbine sizes. Blade modification is done by
modifying the overall blade shape, modifying the leading
edge, and modifying the trailing edge.

Various researchers have done modification of the
trailing edge. H. Beri and Y. Yao [2] modified the trailing
edge from rigid to flexible to show better Computational
Fluids dynamics (CFD) results than Double Multiple
Stream Tube (DMST). S. Y Lin, Y. Y. Lin, C. J. Bai, and
W. C. Wang [3] has done modification of other trailing
edge. This modification can increase the power
coefficient by 2.31 %. In addition to the two trailing edge
modification, other modifications have also been made by
N. C. Batista, R. MelEio, J. C. O. Matias, and J. P. S.
Catal&, [4] and F. Ismail and K. Vijayaraghavan [5].
Modifications to the NACA 0018 profile Darrieus turbine
blade section conducted by [4] found that the turbine can
turn itself at very low wind speeds. However,
modifications to the NACA profile blade trailing edge
generally only change the profile size. Changing a rigid
construction to be flexible on the trailing edge and
performed dynamically and statically. Research to
determine the characteristics of the NACA profile
Darrrieus turbine blade due to changes in the shape of a
trailing edge into a semicircle and a triangle has never
been done.

This study aims to find the right trailing edge of the
blade so that the characteristics of the static blade that are
the reference for the performance of the Darrieus turbine
can be improved.

Although  turbine performance is determined
dynamically by turbine characteristics, static turbine
characteristics such as drag, lift, and pressure distribution
on the blade, an essential role in the process of
determining blade shape. Fig. 1 shows a symmetric
NACA profile blade construction that turns around the
center at point 0. When the blade is in quadrant 11 with an
azimuth angle of 6, the blade velocity condition and drag
force and lift are shown as illustrated. Relative velocity
(w) is obtained from the results of a velocity triangle

1088


mailto:syukri_h@yahoo.com
mailto:nassalam.unhas@yahoo.co.id
mailto:luther.sule@yahoo.co.id

International Journal of Mechanical Engineering and Robotics Research Vol. 9, No. 8, August 2020

analysis between fluid velocity (V) and blade tangential
velocity (u). The direction of the drag force is parallel and
in the direction of the relative velocity while the direction
of the lift force is perpendicular to the drag force. The
direction of the lift force is always perpendicular to the
drag force, but the direction of the lift force always
changes when rotating through various quadrants. When
the blade is in quadrant II, the blade velocity and drag
and lift conditions are different from the previous
conditions. In quadrant | and IlI, the lift force tends to
pull the blade out of the turbine while in quadrant Il and
IV, the lift force tends to push the blade to the center of
the turbine. The drag force tends to be resistance to blade
movement on quadrant | to IV.

The amount of drag force (Fo), lift force (F.), and
pressure can be known through the drag coefficient and
lift equations. The magnitude of the drag coefficient (Cp)
is the ratio between the drag force on the blade to the
flowing fluid force, equation (1). The magnitude of the
lift coefficient (C.) is the ratio between the lift force in
the blade to the flowing fluid force, equation (2). The
magnitude of the pressure coefficient (C,) is the ratio
between the pressure on the blade to the flowing fluid
pressure, equation (3).
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The process of determining Cp and C, can be done by
first knowing the properties of fluid flow. The properties
of fluid flow are determined based on the magnitude of
the Reynolds number. The magnitude of the Reynolds
number in this study is formulated as equation (4),
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The process of analyzing blade characteristics began
with the formation of a blade model, determination of
boundary conditions, division of elements, which is done
by CFD.

A. Formation of the Blade Model

After conducting a virtual blade formation experiment
on the various software, the Autodesk inventor software
was selected in this study. The spline command on this
software allows the line trajectory not to change position
when it passes every specified blade coordinate point.
The specified blade coordinates are downloaded from the
airfoil tools and modified according to the study
boundaries. These coordinate points are connected one by
one sequentially to form a NACA 0018 profile turbine
blade shown in Fig. 2a. The same coordinate points are
connected again and modified according to the semi-
circle trailing edge shape like Fig. 2b and the triangular
trailing edge shape, as shown in Fig. 2c.
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Figure 2. The trailing edge shape of the NACA 0018 profile and its
changes. a) Blade shape 1, the blade that does not change the shape of
the trailing edge. b) Blade shape 2, the blade that changes the shape of
the trailing edge in a half-circle. c) Blade shape 3, the blade that has a

triangular trailing edge shape change.

The coordinates of the trailing edge shape changes
occur at x = 0.988c or x = 90 mm. Shortening the chord
X; on blade shape 2 is equal to the shortening of chord x,
on the blade shape 3. The semicircular radius of (r.) on
blade shape 2 is equal to the height of the triangle (x) on
the blade shape 3. The y-coordinate modified pad x = 90
mm is 2.172 mm for y* and -2.172 mm for y". Thus the
radius of the trailing edge blade that changes is 4.344 mm.
The angle formed on the blade that changes the shape of
the trailing edge triangle is 2y or equal to 90% and the
height of the triangle is 4.344 mm.

B. Determination of Boundary Conditions and Division
of Elements

Azimuth angle (8) blade is selected in the range from
0° to 180°. The Azimuth angle in this range is sufficient
to represent the azimuth angle 0° to 360° because of the
larger azimuth angle; 180° to 360°, the results of the study
show the same graph pattern.

The domain form is created virtually with Ansys
Gambit software. Domain size is determined after
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conducting a study of various results of previous studies
[3, 5 - 10]. The size of the domain that is too small results
in backflow when carrying out an iterative process on
CFD. The size of the domain that is too large results in an
increase in process time meshing in Gambit, time
iteration process in fluent, and requires significant
computing power. Fig. 3 shows the shape and size of the
domain and the study boundary conditions.
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Figure 3. Shape and size of the domain and boundary conditions.

The selection of the type and size of the mesh and the
process of making meshing were carried out after
studying various literature [2, 5, 6, 8, 11, and 12]. The
type of mesh face chosen is tri-pave. Gambit selects the
type of mesh that matches the geometry of the object
automatically. Gambit does not process the type of mesh
chosen if it does not match the geometry of the object.
Errors in the mesh formation process result in a large
mesh error factor, and the results of the analysis on fluent
are incorrect. Mesh size that is too small results in
increased processing time in Gambit and requires
significant computing power. Mesh size is too large
results in the acquisition of less precise results. In this
study, the minimum mesh error factor is 0.4388 and a
maximum of 0.5374. The magnitude of this mesh error
factor is still within reasonable limits because the
allowable mesh error factor is 0.8.

The mesh forming process in each blade is shown in
Fig. 4a, 4b, 4c, and 4d. All results that have been done on
Ansys Gambit and boundary conditions are exported to
Ansys Fluent in mesh format.

® - © @

Figure 4. Mesh forming process in each blade. a) The results of the
meshing process are bottom-up. b) Mesh on the blade that does not
change the shape of the trailing edge. ¢) Mesh on the blade that changes
the shape of the trailing edge in a semicircle. d) Mesh on the blade,

which changes the shape of a triangular trailing edge.
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The meshing process is carried out bottom-up; the
meshing process starts from the mesh line and continues
to the mesh face. The space used in the mesh edges is
0.001. The amount of space in the mesh face used is 0.01.
The choice of the number of spaces on the mesh edge and
mesh face is made by trial and error or following the
values listed in Gambit. The trial and error method was
chosen in this study because the selection method based
on the values stated in the gambit requires a very long
time. The incompatibility of spaces in the mesh edge and
mesh face causes the mesh to not occur as a whole on the
domain. The type of mesh smoothing used is Laplecian
L-W. The mesh smoothing command is used to reduce
the mesh error factor after the initial mesh process is
performed.

C. Analysis of Blade Characteristics

Analysis of blade characteristics was carried out on
Ansys Fluent software. This characteristic analysis
process consists of grid management and defining models,
defining materials and determining boundary conditions,
iterating processes, and post-processing. All of the
characteristics of this study are carried out by double-
precision (2ddp) in two dimensions (2D).

Grid management and models defining. Grid
management is done to adjust the number of elements,
domain size, analysis coordinate points, and size scale
read on Fluent with those made in Gambit. Defining the
model is done by first calculating the Reynolds number.
Based on equation (4), the magnitude of the Reynolds
number in this study is 4.45x10%. Fluent provides several
models of analysis for various cases based on the
magnitude of the Reynolds number. This study uses the
standard k-e analysis model because the calculation of
Reynolds numbers shows that the type of flow is
turbulent. The use of this analysis model was chosen after
a study of the various results of previous studies [2, 13,
and 14]. Although the study on [15- 18] used the k- SST
analysis model, the selection of k-e standard was carried
out only to see blade characteristics in different trailing
edge shapes. The selection of an incompatible and
different analytical model on each blade trailing edge
shape produces incorrect blade characteristics and does
not converge in the iteration process.

Material defining and boundary conditions. The
material used in this study is air with a temperature of
300 K. Although Fluent has prepared fluid properties by
default, fluid properties are inputted again based on fluid
temperature. The velocity of fluid flow in the inlet
velocity is 7.5 m/s, and the channel cross-sectional area is
1 m? The depth of the domain is obtained after dividing
the area by 1 m? with the width of the domain, which is
the boundary of the study. The depth of the domain in Fig.
3is0.5m.

Iteration process. This process begins by re-
ascertaining the incoming airspeed of 7.5 m/s. The
selection of check convergence values in this study has
been compared with studies [9, 19, and 20]. The choice of
check convergence that is too large results in incorrect
blade characteristics. The check convergence value is
selected on a large number and then gradually reduced to
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produce blade characteristics that do not change again.
The selected value of convergence is 1 x 10°. If the
check convergence value is reduced again, it will produce
the same or unchanged blade characteristics. It indicates
that the selected check convergence value is correct. The
reference value is selected on the velocity inlet and
reference zone on the air. Blade characteristics such as Co,
C., C,, and pressure distribution are shown in parts that
are treated as wall (blade) and which are fluidized.

The selection of an improper wall in a Gambit
operation can produce blade characteristics that are
erroneous in the fluent process. In this study, only the
blade is treated as a wall, while the treatment in other
parts is shown in Fig. 3. The prediction of the number of
iterations performed is entered first into Fluent. The
iteration process is stopped even though the number of
iterations entered has not been reached. This termination
indicates that the iteration process has reached a
convergence calculation; the results sought have been
obtained. If the number of iterations entered does not
occur convergence when the operation, then the fluent
automatically asks for the addition of the number of
iterations.

Post Processing. This process is the final stage of the
research method. This process is needed to see counters
and speed vectors, counters and pressure vectors, pressure
distribution curves, and other essential things.

I1l. RESULT AND DISCUSSION

The shape changes on the trailing edge blade produce
different blade characteristics. Fig. 5, 6, and 7 show
successively azimuth angle v, drag coefficient graphs,
azimuth angle v lift coefficient, and azimuth angle v
pressure coefficient graph. The force of fluid flowing in
the domain is the same in various azimuth angles. The lift
and drag styles and pressures change with each azimuth
angle position. Changes in drag and lift forces, and this
pressure are affected by changes in the cross-section of
the blade and the length of the chord that is exposed to
the fluid at various azimuth angles. Changes in the lift
force, drag force, and pressure cause the drag coefficient
lift, and pressure to change.

A. Drag Coefficient

Based on Fig. 1, the direction of the drag force is
always in line with the relative velocity. The relative
velocity formed is a combination of fluid velocity v with
the tangential velocity u. Equation (1) defines the drag
coefficient is proportional to the drag force that occurs in
the blade. Drag force is a barrier force that is avoided or
minimized. Fig. 1 shows the drag force can be broken
down into two directions; perpendicular and parallel to
the radius of the turbine. The drag force that is
perpendicular to the turbine radius always blocks the
movement of the blade. The drag force that is parallel to
the turbine radius can push the blade towards the shaft
and pull the blade away from the turbine shaft. Drag
forces push the blade when the blade is in quadrants 1l
and IV. The drag force pulls the blade when the blade is
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on | and Ill. This cycle of changes continues as long as
the blade moves around the turbine shaft.

Overall, a more significant drag occurs in the blade
that does not change the shape of the trailing edge (blade
shape 1). In this condition, blade shape 1 has a chord size
that is longer than blade shape 2 and blade shape 3. The
blade that has a longer, larger chord absorbs fluid force
than a blade that has a shorter chord.

In azimuth angle 180° blade shape 1 has a smaller
drag than blade shape 2 and blade shape 3. This condition
is influenced by the cross-sectional area of the blade,
which is perpendicular to the direction of fluid flow. In
the azimuth angle 180°, the cross-sectional area of blade
shape 1 is smaller than the cross-sectional area of blade
shape 2 and blade shape 3. In the larger cross-sectional
area, the blade absorbs more fluid force than the smaller
cross-sectional area. Specifically, on blades that were
trailing edge shape changes, blade shape 2 has a drag
coefficient higher than blade shape 3. A comparison of
these coefficients can be made because the blade has the
same shortening chord. The results of the study show that
blade shape 2 and blade shape 3 have the same blade
characteristics.

In the azimuth angle 180°, the angle of attack coincides
with the chord so that the angle of attack becomes 0°. In
addition to coinciding with the chord, the angle of attack
also coincides with the azimuth angle. The overlapping
angle of attack and azimuth angle has been proven by
researchers [5, 22, and 23]. In this azimuth angle, the
largest drag coefficient occurs consecutively, starting
from blade shape 2, blade shape 3, and blade shape 1.
The drag coefficient difference between blade shape 2
with blade shape 3 and blade shape 1 is 0.66 % and
26.88 %. The drag coefficient on blade shape 2 is 0.66 %
greater than blade shape 3 and 26.88 % of blade shape 1.
The magnitude of this difference indicates that blade
shape 2 is better than blade shape 3 and blade shape 1.

Just like in the azimuth angle 180° the angle of attack
also coincides with the chord in the azimuth angle 0°. The
largest drag coefficient on azimuth angle 0° occurs in
succession on blade shape 2, blade shape 3, and blade
shape 1. The difference in drag coefficient between
blades shape 2 with blades shape 3 and 1 is 0.41 % and
3.58 9%, respectively. The drag coefficient on blade shape
2 is smaller than 0.41% of blade shape 3 and 3.58% of
blade shape 1. The difference in drag at the azimuth angle
is so small that it is assumed to be the same.

In the azimuth angle range of 30° to 150°, the smallest
drag coefficient occurs at 150° azimuth angle for all blade
shapes. The smallest drag coefficient on azimuth angle
150° occurs on the blade shape 3, blade shape 2, and
blade shape 1, respectively. Differences in drag
coefficient between blade shape 1 with blade shape 2 and
blade shape 3 are 6.93 % and 6.34 %, respectively. The
drag coefficient on blade shape 1 is 6.93 % smaller than
blade shape 2 and 6.34 % of blade shape 3. The drag
coefficient difference between blade shape 2 and blade
shape 3 is 0.62%. The small percentage difference in drag
coefficient on blade shape 2 with blade shape 3 shows
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that the difference is not significant or assumed to be the
same.

In the range of azimuth angle 30° to 150°, the largest
drag coefficient occurs in the azimuth angle 90°. The
results of the study showed that in the azimuth angle 90°,
the largest drag coefficients occurred respectively in
blades 1, 2, and 3. The drag coefficient differences
between blade shape 1 and blade shape 2 and blade shape
3 were 11.23 % and 11, 37 %, respectively. The drag
coefficient on blade shape 1 is 11.23 % smaller than
blade shape 2 and 11.37% of blade shape 3. The
difference in drag coefficient between blade shape 2 and
blade shape 3 is 0.15%. The small percentage difference
in drag coefficient on blade shape 2 with blade shape 3
shows that the difference is not significant or assumed to
be the same.
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Figure 5. Azimuth angle vs. drag coefficient.

B. Lift Coefficient

Equation (2) defines the lift coefficient as directly
proportional to the lift force on the blade. The lift force
on the Darrieus turbine blade is a force that can enlarge or
reduce tangential forces and normal forces, as shown in
Fig. 1. Tangential force is a force whose direction is
perpendicular to the turbine radius, while the normal
force is a force that is in the direction of the turbine
radius.

The application of the lift force on the Darrieus turbine
can be marked as positive or negative. The positive lift
force indicates that the blade experiences an outward
turbine force while the negative lift force indicates that
the blade is under pressure into the turbine. Changes in
the direction of the lift force indicate that under certain
conditions, the lift force can enlarge and reduce the
tangential force and normal force.
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Figure 6. Azimuth angle vs. lift coefficient
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Overall, a higher lift coefficient occurs in the blade
that does not change the shape of the trailing edge (blade
shape 1). In this condition, the blade shape 1 has a chord
size longer than the blade shape 2 and blade shape 3.
Blades that have extended chords absorb more fluid
forces than blades that have shorter chords. Blade with a
longer blade trailing edge provides tangential force to a
larger turbine shaft.

Conversely, a blade with a shorter blade trailing edge
can reduce tangential force to the turbine shaft. Blade
with a longer blade trailing edge provides normal force to
the larger turbine shaft. Conversely, a blade with a shorter
blade trailing edge reduces the normal force to the turbine
shaft.

Blade shape 1, blade shape 2, and blade shape 3 have
very small lift coefficients on the azimuth angle 0° and
180°. In azimuth 0°, the biggest lift occurs in succession
on blade shape 1, blade shape 2, and blade shape 3. In
azimuth angle 180° the largest lift occurs in succession
on blade shape 1, blade shape 2, and blade shape 3.
Besides experiencing different coefficients lift, the
direction of lift force at the blade shape 2 and blade shape
3 also experience differences with blade shape 1. Thus a
negative sign on the lift coefficient at the blade shape 2
and blade shape 3 indicates that the fluid is pressing the
blade. The difference in the lift coefficient on azimuth
angle 0° and 180° is not seen in Fig. 6. Because of the
small difference in the lift coefficient on the azimuth
angle 0° and 180° the lift coefficient in this azimuth
angle is assumed to be the same.

When the blade rotates around the shaft, the blade
passes through four quadrants alternately, as shown in Fig.
1. This blade rotation causes the lift coefficient on the
blade to change the sign from positive to negative and
vice versa. This change produces the lift coefficient to
zero at a specific position. Because the lift coefficient
value depends on the flowing fluid force and the lift force
that strikes the blade, the value of the zero-lift is affected
by the absence of a lift force that hits the blade.
Conclusions about the absence of a lift force are also
mathematically proven. The coefficient of the lift to zero
in blade shape 1 occurs in the azimuth angle 96.92°. The
lift coefficient value becomes zero at the blade shape 2
and blades shape 3 occurring consecutively at azimuth
angle 95.11° and 95.39°. The zero-lift force is very good
at the Darrieus turbine because it does not add normal
force to the turbine shaft.

Blade shape 2 has a lift coefficient greater than blade
blades shape 3. This coefficient comparison can be made
because the blade experiences the same chord shortening
(X, = X,) and the same trailing edge change depth (ry = ).
Explanation of x;, = x, and ry, = X, is shown in Fig. 2. The
diameter of the circle on the trailing edge of the blade that
changes shape is determined based on the third point of
the trailing edge. This point is also a reference to changes
in the triangle trailing edge.

When the blade is in quadrant II, the smallest
coefficient of lift occurs in the azimuth angle 38° for
blades shape 1 and 36° for blade shape 2 and blade shape
3. In the azimuth angle 38° the smallest lift coefficient



International Journal of Mechanical Engineering and Robotics Research Vol. 9, No. 8, August 2020

that occurs is -0.1313 at the blade shape 1. In azimuth
angle 36° the smallest lift coefficient that occurs is -
0.1231 at the blade shape 2 and blade shape 3. This last
condition shows that the coefficient of the lift does not
change for blade shape 2 and blade shape 3 in the
azimuth angle 36 so it is assumed to be the same.

When the blade is in quadrant IlI, the largest lift
coefficient occurs at 138° azimuth angle for blades shape
1 and 129° for blade shape 2 and blade shape 3. The
largest lift coefficient that occurs at 138° azimuth angle is
0.0695 on blade shape 1. The largest lift coefficient that
occurs at azimuth angle 129° is 0.0612 on blade shape 3
and 0.0607 on blade shape 2. Especially in azimuth angle
38° where the maximum lift coefficient on blade shape 2
and 3 occurs, the coefficient of lift on blade shape 3 is
0.75% smaller than blade shape 2. Condition this shows
that the difference in the lift coefficient on blade shape 2
and blade shape 3 is so small that it can be assumed to be
the same.

C. Coefficient and Pressure Distribution

Fig. 7 shows a graph of the pressure coefficient.
Although it has different coefficient values, the pressure
coefficient chart pattern is the same as the drag
coefficient chart pattern. Therefore, the discussion in this
section is the same as discussing the drag coefficient.

=+#=Blade shape 1
——Blade shape 2
—s— Blade shape 3

Pressure coefficient

Azimuth angle (deg)

0 30 60 90 120 150 180

Figure 7. Azimuth angle Vs pressure coefficient.

Fig. 8 shows the distribution of pressure on the
azimuth angle 0°. Fig. 8a, 8b, and 8c show the pressure
distribution for the entire blade. Maximum pressure
occurs at the leading edge, and minimum pressure occurs
on the upper and lower sides of the blade. The pressure
distribution on the trailing edge in all three blades is
shown in Fig. 8d, 8e, and 8f. Due to changes in the shape
of the trailing edge blade results in a change in pressure
distribution on the trailing edge blade. Trailing edge
shaped blades such as Fig. 8e and 8f experience the effect
of vortex pressure on the trailing edge blade. Vortex
effect on trailing edge blade causes an increase in
pressure coefficient. Increasing the pressure coefficient
value can inhibit the forward movement of the blade as
shown in Fig. 1.
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Figure 8. Pressure distribution in azimuth angle 0°. (a) Pressure
distribution on blade shape 1, (b) blade shape 2, (c) blade shape 3. (d)
Pressure distribution on trailing edge blade shape 1, (e) blade shape 2, (f)
blade shape 3.

Fig. 9 shows the distribution of pressure in azimuth
angle 180°. Fig. 9a, 9b, and 9c show the pressure
distribution for the entire blade. Maximum pressure
occurs on the trailing edge, and minimum pressure occurs
on the upper and lower sides of the blade.

o

© e

Figure 9. Pressure distribution in azimuth angle 180°. (a) Pressure
distribution on blade shape 1, (b) blade shape 2, (c) blade shape 3. (d)
Pressure distribution on trailing edge blade shape 1, (€) blade shape 2, (f)
blade shape 3.

The pressure distribution on the trailing edge is shown
in Fig. 9d, 9e, and 9f. As a result of the blade trailing
edge changes produce changes in pressure distribution on
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the blade trailing edge. Trailing edge shaped blades such
as Fig. 9e and 9f experience the effect of vortex pressure
on the blade trailing edge. Vortex effect on blade trailing
edge can increase the pressure coefficient value.

Fig. 10 shows the distribution of pressure at azimuth
angle 90°. Fig. 10a, 10b, and 10c show the pressure
distribution for the entire blade. The maximum pressure
occurs in the upper surface facing the inlet velocity, but
the minimum pressure does not occur on the lower
surface. Minimum pressure occurs at the leading edge.
The pressure distribution on the trailing edge in the three
blades is shown in Fig. 10d, 10e, and 10f. Unlike blade
shape 1, changes at the blade shape 2 and blade shape 3
trailing edge result in changes in pressure distribution on
the blade trailing edge. Trailing edge shaped blades such
as Fig. 10e and 10f undergo pressure vortex on the
trailing edge. Apart from the chord shortening, the effect
of vortex pressure on the trailing edge can reduce the
pressure coefficient. Decreasing the pressure coefficient
on the azimuth angle can inhibit the forward movement
of the blade concerning Fig. 1.
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Figure 10. Pressure distribution in azimuth angle 90°. (a) Pressure
distribution on blade shape 1, (b) blade shape 2, (c) blade shape 3. (d)

Pressure distribution on trailing edge blade shape 1, (e) blade shape 2, (f)

blade shape 3.

Fig. 11 shows the pressure distribution in the azimuth
angle 30° 60° 120° and 150°. The pattern of distribution
of pressure on the blade trailing edge is the same as the
pattern of pressure distribution in the azimuth angle 0°
and 90°. Just like the azimuth angle 0° and 90°, the vortex
pressure that occurs on the trailing edge of the blade that
changes trailing edge shape results in a decrease in the
pressure coefficient. While the pressure vortex on the
blade trailing edge, which changes shape in the azimuth
angle above 165° to 180 can increase the pressure
coefficient.
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Figure 11. (a) Pressure distribution on azimuth angle 30° in blade shape
1, (b) blade shape 2, (c) blade shape 3. (d) Pressure distribution on
azimuth angle 60° in blade shape 1, (e) blade shape 2, (f) blade shape 3.
(g) Pressure distribution at the leading edge on azimuth angle 30°. (h)
Pressure distribution on azimuth angle 120° on blade shape 1, (i) blade
shape 2, (j) blade shape 3. (k) Pressure distribution on azimuth angle
150° on blade shape 1, (I) blade shape 2, (m) blade shape 3. (n) Pressure
distribution at the leading edge on azimuth angle 120°.

The difference in pressure distribution on the trailing
edge between blade shape 1 with blade shape 2 and blade
shape 3 is very significant. At the trailing edge blade
shape 1 does not experience pressure vortex while at the
blade shape 2 and blade shape 3 always experiences
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pressure vortex. Although the difference in pressure
distribution on blade shape 2 and blade shape is minimal,
blade shape 2 has a pressure coefficient higher than that
of blade shape 3 in the azimuth angle 165° to 180°.

The biggest pressure always occurs in part facing the
velocity inlet, but the smallest pressure does not occur in
part facing the pressure outlet. The smallest pressure
always occurs at the leading edge as shown in Fig. 11g
and 11n. This Fig. 11g and 11n represent the overall
condition of the pressure distribution at the leading edge
of the azimuth angle 30° 60°, 90°, 120°, and 150°.

In conjunction with Fig. 1, these results show that in
addition to 0° and 180° azimuth angles, the blade always
moves towards the leading edge or rotates around the axis
of the axis with angular velocity . Even though the
number of blades only one cannot be done because, in the
azimuth angle 0° the blade cannot move anymore. The
minimum pressure does not occur at the leading edge.

IV. CONCLUSION

Based on the results of the study, it can be concluded
that the best drag distribution occurs in the blade that
undergoes trailing edge shape changes. It is known
through the drag coefficient distribution that occurs in the
azimuth angle 165° - 180°. The drag coefficient on the
blade that undergoes trailing edge changes is higher than
the blade that does not change the shape of the trailing
edge. Although the difference in drag coefficient between
blades that change the shape of a semicircular trailing
edge with a blade that changes the shape of the trailing
edge of a triangle is very small, the results of the study
show that the blade with a semicircular trailing edge is
better than a blade with a triangular trailing edge shape.
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