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ARTICLE INFO ABSTRACT

Article history: The efficiency of wind turbines according to Betz limits ranges around 59%, in its
Received 23 April 2024 development the efficiency of wind turbines is challenging to reach 50%. To increase this
Received in revised form 13 July 2024 efficiency, many innovations were made such as the addition of tail direction, wind
Accepted 22 July 2024 direction, the use of magnetic bearings, and turbulators. Flow separation that occurs in
Available online 15 August 2024 . . . . .
the blade causes a decrease in performance in the blade, which also occurs in vertical
wind turbine blades. This research used a turbulator to reduce or shift the position of
separation on the blade to improve turbine efficiency. This study aims to analyze the
effectiveness of the use of turbulators to reduce or shift separation in wind turbine
blades. The method used is to build a 3d model of the blade and turbulator, and perform
simulations using CFD Ansys, with a steady flow with k-w Shear Stress Transport (k-w SST)
turbulent model, at several speeds and angles of attack. The data taken is flow data on
the blade, drag coefficient, and lift coefficient. When a turbulator is introduced, the
results show a discernible delay in flow separation on the airfoil, namely at angles of 6°,
7°, and 8° with speeds ranging from 1 to 5 m/s. Furthermore, changes in the values of Cl
and CD are noted. Pressure distribution contours and streamlines are graphically

Keywords: represented alongside the current numerical values. The optimal placement for the
Airfoil; boundary layer; fluid; flow turbulator is at 40% and 50% of the chord length, producing the greatest increase in Cl
separation; turbulator and Cl/Cd ratio in this particular version.

1. Introduction

Wind energy is one of the energies that includes alternative energy and has the potential to be
developed in the future. Wind energy includes clean and renewable energy. The wind is the air that
moves due to the rotation of the earth and the difference in atmospheric pressure around it. A study
of flow-separation is among the difficulties with turbomachinery [1]. In axial compressors, 50% of
energy losses qualitatively result from flow separation, and the remaining is split into two categories:
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frictional losses and losses resulting from changes in size or form [2]. The worst consequence of this
flow separation phenomenon is that it can cause an adverse pressure gradient to cause a wake
phenomenon, an area behind which has a different speed from the free stream velocity. The wake
phenomenon can increase drag and cause stall, a condition where the airfoil loses lift and a very large
drag increase [3].

Based on these facts, improving the performance of the turbomachinery can be started by
overcoming this flow separation. It is known that the boundary layer with more turbulence (higher
turbulence intensity), always produces a higher, more complete momentum profile so that the
energy flow is stronger. Consequently, to improve the flow's ability to withstand adverse pressure,
flow separation reduction can be achieved by making the flow more turbulent (back pressure) [4,5].

In the aeronautical field, the turbulator is known to be used in certain flight conditions as a passive
flow control device that makes the flow at the boundary layer turbulent. This turbulent condition will
slow down the flow separation point (airfoil stall condition) and increase the stall angle of attack [6].
Reducing the turbulent wake intensity behind the trailing edge fringe increases aerodynamic
performance in Serrated Wings, taken from Uppu and Krishnan [7].

Research related to the addition of a turbulator/vortex generator on an airfoil Eppler 387 type,
and the results obtained that there was an increase in the lift coefficient; there was also a decrease
and increase in the drag coefficient at different angles of attack and also fluctuations in the value of
the Cl/Cd ratio according to Delnero et al., [8,9]. Previous research by Lin [10] that implements
turbulators on blades has been mostly done on horizontal turbines and shows that using a turbulator
causes a delay in the separation of the flow, but research using turbulators on vertical turbine blades
such as Darrieus turbines is nothing yet, mainly focuses on wind steering devices by Erwin et al., [11],
and tail implementation by Lusiani et al., [12]. According to Henrik and Soeren [13], the turbulator
can also function to dampen vibrations that occur in the blade when rotating at high speeds.

In a previous study, we built a fluid flow simulation system using smoke to obtain flow
visualization in the wind tunnel in testing the NACA S1046 blade, it was seen that the flow separation
happened at an angle of 7° so further action was needed to reduce the flow separation phenomenon.

The novelty of the present study can be summarized as follows

i.  Overcome the flow separation phenomenon by using a turbulator that is used in the vertical
wind turbine, the Darrieus type, with the NACA S1046 blade.

ii.  Numerical methods / CFD simulation (computer fluid dynamics) along with analysis of the
drag coefficient and lift coefficient. Using the Ansys Fluent software, a simulation of the airfoil
and turbulator shows they affect flow separation.

iii.  The optimum configuration offered is based on performance that increases up to 40%.

2. Related Works

This research was conducted by designing and testing 3D (three-dimensional) numerical
methods. To do the simulation, the CFD application Ansys Fluent is used. The models designed are
airfoils and airfoils with the addition of a turbulator/vortex generator.

Modeling is done using Ansys Design Modeler. The simulation conditions used are at speeds of 1
to 5 m/s with angles of attack 6°, 7°, and 8°. The turbulator configuration is adjusted for distance with
5 variations based on chord length, namely 10%, to 50% chord calculated from the leading edge. The
flow conditions used are steady and incompressible, the fluid (air) coming through the inlet section
parallel to the axis direction. The airfoil used is the NACA S1046 type which can be seen in Figure 1
and the configuration of the trapezoidal flat plate counter rotating turbulator with fillet modification
can be seen in Table 1.

99



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences

Volume 120, Issue 1 (2024) 98-110

NN SL NN TN

A

—————

Fig. 1. Airfoil model

In the picture, a turbulator is applied in one of the variations of its placement, namely at the
placement of 30% Chord length (counting from the leading edge point parallel to the x-axis).
Furthermore, there is a table detailing the configuration and dimensions of the airfoil and turbulator.

Table 1

Airfoil and Turbulator Configuration

Airfoil NACA S1046

Turbulator

Chord (C) = 1000 mm
Span (S) = 1000 mm
Max Thickness (T) = 46mm

Angle of Attack =6°, 7°, 8°

Height 1 (H1) = 0,0086C

Height 2 (H2) = 0,0043C

Turbulator Direction to Chord = 10%C, 40%C and 50%C
from leading edge

Turbulator Direction to Span = 8,19 mm

Length (/) = 0,0455C

Width (w) = 0,0027C

Tilt Angle = 18°

Distance Between Turbulator 45,5mm

Distance Between Each set Turbulator’s (from the
center) 182mm

Based on the configuration above, the details can be seen in Figure 2.
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Fig. 2. Airfoil and turbulator configuration
3. Proposed Methodology
The simulation carried out in three stages, that is
i.  Pre-Processing
At this stage, the airfoil model along with the turbulator designed using Ansys Design Modeler.
At this stage, it is further divided into several sub-stages, namely the design of the airfoil and
turbulator models, modeling/domain simulation, meshing, and determination of boundary

conditions. The condition of the simulation domain and the state after meshing (with the form of
polyhedral meshing) can be seen in Figure 3 and Figure 4.
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Fig. 4. Meshing

Furthermore, the details of the boundary conditions applied to the model domain that apply the
same system to the wind (wind tunnel) in real conditions can be seen in Figure 5. Dimensions of the
simulation domain were set as 17000mm x 9660mm x 1000 nm in the lateral (x), vertical (y), and
longitudinal (z) directions, respectively.

The mesh type used is poly-hedral with the total number of cells being 780800 after mesh
independency test of Cd and Cl. The resulting mesh quality is quite good with a maximum skewness
of 0.8 and a minimum orthogonal quality of 0.12 (Ansys mesh metric recommendation, maximum
orthogonal > 0, and maximum skewness < 0.95, depending on physics and cell location).
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Fig. 5. Boundary condition applied to the domain
ii. Processing

At this stage, a calculation (iteration) will be carried out on Ansys based on predetermined
condition parameters, namely the Turbulence model used is k-w SST taken from Muratoglu and
Demir [14] and Rocha et al., [15] (taking into account that k- SST is a combination of standard k-
omega which is stable and accurate in the region near the wall and the k-epsilon model which has
advantages in free-stream flow) with the material property of being fluid with = 1,225 kg m-3, the
boundary conditions used as described previously, second order descriptions for pressure and second
order upwind for momentum, the convergence criterion is set at 10-3 which means the iteration
process is said to be convergent if the residual value has reached a value less than 10-3. If convergent
results have been achieved, it will proceed to the postprocessing stage, if not, the research will be
repeated back to the meshing stage to check whether errors are starting from that stage.

iii.  Post-Processing

This stage is the stage where the results and analysis of the results of the iteration process that
has been carried out by Ansys are displayed. Qualitative and quantitative results according to Li et
al., [16] were obtained, based on the results report that had been determined at the beginning.
Quantitative data in the form of pressure distribution coefficient, lift coefficient (Cl), and drag
coefficient (Cd), the conditions of velocity distribution streamlines, and pressure distribution
contours are shown for qualitative data.

4. Results and Discussion
4.1 Validation

Results from experimental and numeric method (simulation) research were compared and can
be seen in Figure 6.
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Fig. 6. Comparison between separation flow from experimental research and simulation

In Figure 6, where the flow separation is most clearly seen at an angle of attack of 7° at all velocity
values compared to the previous angles of attack, which begins with the presence of a forward saddle
point which is the beginning of flow separation in the ground. in front of the leading edge, It can also
be seen the color gradation in each image, starting from a speed of 1 m s in the red area, where the
highest speed occurs at the top of the airfoil with a speed of up to approximately 3 m s, in this area
the speed reaches the maximum value and the pressure at the minimum value. Then in the middle
of the airfoil, there is a gradation of dark blue to light blue where light blue indicates a speed of 0 m
s’ (still in the boundary layer area) and light blue shows a speed of approximately 0.7 m s

Following the experimental experiments in a wind tunnel (Figure 7) that have been carried out,
with dimensions of Convergence section 80 cm length from 120 cm to 50 cm square, divergence
section 180 cm length from 50 cm to 70 cm, and test section 50 cm x 50 cm.

K

Fig. 7. Wind tunnel with smoke generator

4.2 Coefficient Lift (Cl) and Coefficient Drag (Cd)

One way to understand the characteristics of the airfoil is to know the value of the lift coefficient
(Cl) and drag coefficient (Cd). These values can be known through the resultant force acting on the
interaction between the fluid and the surface of an object. The lift force is obtained from the resultant
force whose direction is perpendicular to the object, while the drag force is obtained from the force
parallel to the object. The lift coefficient values obtained in this numerical study (simulation) from
the post-processing results on ANSYS can be seen in Figure 8 to Figure 13, which show the value of
Cl (lift coefficient) with angles of attack 6°, 7°, and 8° on the airfoil. NACA S1046 with and without a
turbulator at speedsof 1 ms?, to5ms™.

Based on the Figure 8, Figure 9 and Figure 10, it can be seen that the application of a turbulator
on the airfoil can increase the lift coefficient value, with the highest lift coefficient value being
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relatively different, at an angle of attack of 6° the highest lift coefficient occurs at the turbulator
position 50%C with a value of 17.0501, at an angle of attack of 7° the highest lift coefficient occurs at
the turbulator position of 50%C with a value of 19.7214, and at an angle of attack of 8° the highest
lift coefficient occurs at the turbulator position of 40%C with a value of 22.3432. This can happen
because at the placement of a certain turbulator, greater flow momentum is produced to fight
against the adverse pressure gradient and shear stress, and at high speeds, the value of the
freestream velocity becomes larger. Furthermore, the details of quantitative data on the coefficient

of drag.

Coeficient lift

Fig. 8. Graph of comparison of coefficient lift
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Coeficient lift at 8 degree angle of attack
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Fig. 10. Graph of comparison of coefficient
lift (Cl) values at an AoA 8°

Based on Figure 11, Figure 12 and Figure 13, at each angle of attack and speed, the Cd value in
the airfoil with the addition of a turbulator varies, the same as in the lift coefficient. Where the value
of the drag coefficient (after the addition of the turbulator) is the smallest at an angle of attack of 6°
at positions 50% Chord and 40% Chord, at an angle of attack of 7° at a position of 50% Chord and
40% Chord, and at an angle of attack of 8° the same, namely at the 50% Chord and 40% Chord
positions. Despite the increase, the difference between the addition of the most effective turbulator
and the no turbulator was not very significant. The value obtained varies due to the placement of a
certain turbulator; higher momentum is obtained to fight against the adverse pressure gradient and
shear stress. Although both coefficients have increased, there is one more parameter: the ratio of lift
and drag coefficients; with this ratio, it can be seen which coefficient has the higher increase.

Coeficient drag at 6 degree angle of attack
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Fig. 11. Graph of comparison of coefficient of
drag (Cd) at AoA 6°
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4.3 Cl and Cd Ratio (Cl/Cd)
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One of the parameters that is also important to evaluate the flow characteristic of the airfoil is
the value of (sliding ratio) Cl/Cd [17]. The sliding ratio can be seen in Table 2, Table 3 and Table 4.
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Table 2
Sliding Ratio at AoA 6°
V (m/s) Tanpa VG C1/cd c1/cd c1/cd c1/cd c1/cd
(6°) 10% (6°) 20% (6°) 30% (6°) 40% (6°) 50% (6°)
1 19,9465 16,8898 18,1603 18,1603 19,5306 19,6904
2 24,6356 19,742 21,3631 21,3631 23,5854 24,0803
3 26,463 21,0116 22,6747 22,6747 25,1555 25,734
4 27,4299 21,6241 23,3833 23,3833 25,9569 26,594
5 28,3798 22,2732 24,0685 24,0685 26,7536 27,4363
Table 3
Sliding Ratio at AoA 7°
V (m/s) Tanpa VG C1/cd c1/cd c1/cd c1/cd c1/cd
(7°) 10% (7°) 20% (7°) 30% (7°) 40% (7°) 50% (7°)
1 20,609 17,114 18,6493 19,8446 20,252 20,2618
2 25,5592 19,7208 21,7559 23,6529 24,5522 24,9666
3 27,2045 20,6833 22,8194 24,9476 25,9251 26,448
4 28,3166 21,2197 23,4695 25,7429 26,821 27,3818
5 29,3387 21,7976 24,1078 26,4846 27,6519 28,2712
Table 4
Sliding Ratio at AoA 8°
V (m/s) Tanpa VG C1/cd C1/cd C1/cd C1/cd C1/cd
(7°) 10% (7°) 20% (7°) 30% (7°) 40% (7°) 50% (7°)
1 20,2244 16,6323 18,5921 19,6289 20,0491 19,8673
2 25,3019 18,9802 21,6484 23,3682 24,5658 24,8611
3 26,7502 19,5928 22,4895 24,419 25,752 26,2109
4 27,9224 20,0129 23,1378 25,2002 26,7756 27,264
5 28,9602 20,4725 23,727 25,8794 27,6558 28,2055

According to the mentioned data in Table 2 to Table 4, it is evident that the lift and drag
coefficient ratio has the smallest ratio value after a turbulator is added at 10% Chord. This is
unexpected because the value of the Cl/Cd ratio was much higher before the turbulator was added.
This indicates an increase in the drag coefficient value to be greater, even greater the percentage of
drag with a turbulator than without a turbulator. In other words, the addition of a turbulator at the
10% Chord position is not effective for the NACA S1046 type airfoil. For the addition of VG/turbulator
at 40% Chord and 50% Chord, the value of the CI/Cd ratio experienced a significant increase at each
angle of attack, and this means that the use of a turbulator at 40% Chord and 50% is the most
effective placement of the turbulator.

5. Conclusion

Based on the simulation results that have been carried out compared with the experimental
results. It can be validated that there is indeed a separation in the airfoil even though the experiment
shows that the separation area is larger (at the same speed and angle of attack) compared to the
simulation results. Still, the starting point of the separation remains the same, which can occur due
to the inadequate quality of the wind tunnel and separation medium. The higher the fluid velocity,
the higher the separation area.

To overcome the flow separation phenomenon, a turbulator is designed. The type of turbulator
designed is a trapezoidal flat plate counter rotating turbulator with modifications, namely the fillet
on the upper right (higher) of 3 mm and the upper left (lower) of 5 mm.
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From the simulation result, there is a delay in flow separation with each adjustment of placement,
angle, and speed when a qualitative turbulator is added using streamlines and pressure distribution
contours visualization. 40% and 50% of the chord is when adding a turbulator has the greatest impact
because there is a noticeable rise in Cl. Although there is also an increase in the value of Cd, it is not
significant. It can also be seen that the CI/Cd ratio, where the greater the value of the ratio indicates
the greater the value of the lift coefficient than the drag coefficient, and in this study, the largest
ratio was found in the placement of the turbulator at 40% of the Cord length and 50% of the Chord
length. The turbulator developed in this research will be implemented on the double savonius-
darrieus turbine to increasing efficiency.
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