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Abstract: Vortex generators (VGs) in the form of small fins are attached to the blade of the H-
rotor wind turbine to improve the performance. Many studies provide the utilization VGs both 
experimentally and numerically. However, the investigation of the full scale of counter-rotating VGs 
in rotor blades is still rarely found. In the current study, two shapes of VGs were investigated to 
evaluate wind turbine performance. VGs in rectangular and triangular shapes were attached under 
the identical blade geometry of 375 mm of chord length and the blade attachment of 30% from the 
chord length. VGs have a similar height and length of 6.5 mm and 13 mm, respectively. The turbine 
was constructed with three blades that rotate under 1,650 mm of the rotor diameter and 1,000 mm of 
rotor height. The chordwise position (x/c) of the VGs was at 10%, 15%, 20%, and 25%. The 
computational fluid dynamics with the unsteady Reynolds Average Navier Stokes (URANS) model 
were employed. We found that VGs behave in different performances. The rectangular VGs had the 
maximum power coefficient (Cp) value at the x/c of 20%, while the triangular VGs had the maximum 
Cp value at the x/c of 25%. However, both VGs show the maximum Cp in the value of 0.467 with a 
1.5 Tip Speed Ratio. To evaluate the performance improvement, the blade with VGs was compared 
with the blade without VGs. It was found that using the VGs improved the performance of the wind 
turbine by around 45.68% and 47.24%, respectively, for triangular and rectangular shapes. The flow 
field characteristics in terms of turbulent kinetic energy and flow velocity were also presented in this 
study to gain a better understanding of how the VGs work. The result revealed that the presence of 
the VGs significantly improves the performance of the turbine.  

 
Keywords: blade; rotor; coefficient of performance; vortex generator; wind turbine 

 

1.  Introduction  
The increase in energy demand will be a crucial issue 

for the next few years. In an attempt to maintain the energy 
supply, the development of alternative energy sources 
concerning renewable energy is now growing increasingly. 
The employment of renewable energy sources such as 
solar1,2), wave3,4), geothermal5,6), tidal7,8), and wind9,10) 
have been widely investigated to evaluate their potency. 

The renewable energy source can undoubtedly provide the 
energy supply though it still requires a system 
improvement to achieve high performance. Among the 
renewable energy sources, wind energy is one of the most 
common types of renewable energy, contributing to the 
fastest-growing sources of electricity11). The wind is clean 
and efficient to be used in land space, yet the nature of 
intermittent sources makes wind energy incapable of 
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providing constant energy. The performance of the wind 
turbine relies on the weather. When the wind speed is low, 
the rotor will not spin, decreasing the wind turbine’s 
performance. Slow-moving air towards the blade of the 
wind turbine during the low wind speed, generally less 
than 4.4 m/s, only provides a small amount of torque to 
rotate the blades. The power density for a wind speed of 
fewer than 4.4 m/s will be no more than 100 W/m2. 
Besides, the turbine's rotor will only spin when the lift's 
force is stronger than the drag.   

The targeted plan of wind energy technologies is to 
improve their performance. For the last few decades, the 
vertical axis wind turbine has attracted more attention in 
research activities regarding performance improvement. 
Modifying the turbine blade and rotor is one of the keys 
to achieving good aerodynamic performance and the 
operation of the wind turbine12,13,14,15). The aerodynamics 
of wind turbines mainly depends on the flow 
characteristics. Delaying the flow separation16,17), 
generating stream-wise vortices17,18), and controlling stalls 
19,20) are the mechanism of aerodynamics performance 
improvement. Some mechanisms can be achieved using 
the vortex generators (VGs) attached to the blade surface. 
Jiang et al.21) used VGs on rotating wind turbine blades. 
The VGs increased the lift coefficient by 4.4.% and 6%, 
respectively, at 10 m/s and 13 m/s of rotational speed. The 
VGs could delay the flow separation, thus improving the 
lift coefficients. The combination of VGs and leading-
edge roughness (LER) was studied by Chengyong et al.22). 
Controlling the dynamic stall was their goal to improve 
the aerodynamic performance. They found that the 
presence of VGs could delay the dynamic stall, reduce the 
aerodynamic hysteresis, and suppress the separated flow. 
At the same time, the LER contributes to increasing the 
turbulent kinetic energy (TKE). Mereu et al.23) 
investigated the VGs applied in the thick blade to model 
the stall behavior. The VGs successfully delay the stall on 
the high attack angle, leading to increased blade 
performance. Not only delay, but the VGs also might 
suppress the dynamic stall depending on the configuration 
of the VGs24). The height and mounting position will be 
the important factor investigated by Tavernier24).  

The selection of VGs geometrics parameters, including 
position, orientation, layout, shape, and height, will be 
mandatory when designing the wind turbine blade. 
Different position of VGs in rotational blades was studied 
by Zhu et al.25). The skewed layout of VGs effectively 
reduces the separation bubble. VGs also increased the 
maximum lift coefficient by 60%. Installing VGs at 
different chordwise positions would also improve the 
aerodynamics performance. The chordwise position is 
important in developing the blade configuration, mainly 
when applied to the rotational turbine. Unexpected stalls 
might occur when the location of VGs too far downstream. 
Zhang et al.26) suggest that the VGs should be placed at 
x/c > 20% under the small attack angle to avoid the lift 
coefficient decrease. Similar results were also found by 

Lengani et al. 27) that x/c = 20% was the most effective 
position for delaying the stall, particularly for counter-
rotating VGs. The VGs orientation can be in co-rotating 
and counter-rotating, which will have different behavior 
towards the flow. A co-rotating direction develops 
longitudinal vortices, which drive the fluid momentum 
upward for the low momentum and downward for the high 
momentum. Conversely, the counter-rotating VGs 
detached the momentum transport. Supposedly, counter-
rotating would be more effective than co-counter rotating 
28). Hansen et al. 29) also found that counter-rotating 
performs better than co-rotating.  

Above specific critical geometry, the layout for single 
or double-row vortex generators would also be interesting 
to be investigated. A single-row and double-row of VGs 
take their own part in aerodynamics performance. As 
mentioned by Zhu et al. 30), the single-row VGs contribute 
more to flow-reattachment while the double-row VGs 
promote the flow near-wall, weakening the pressure 
gradient 30). A single-row and double-row VGs can consist 
of rectangular, triangular, circular, or even trapezoidal 
VGs. The different shapes own unidentical longitudinal 
vortices strengths. As a result, it is revealed a different 
typical flow separation effect of VGs28). Effective 
longitudinal vortices and durable turbulence flow give the 
flow around the VGs more resistance to flow separation in 
unfavorable pressure gradients affecting the production 
cost. Therefore, the accurate selection and application of 
VGs can save on production costs, producing more 
competitive wind energy technology with power 
production improvement.  

Corresponding to previous work, we propose a novel 
blade design by attaching the triangular and rectangular 
VGs to the blade surface. To the best of our knowledge, 
the very limited study provides a full-scale numerical 
study for rotating rotors containing blades with VGs, 
particularly on H-rotor turbines. The combination of 
chordwise positions (x/c) is provided to investigate the 
aerodynamics characteristics and wind turbine 
performance in terms of power coefficient (Cp). The 
torque and flow field characteristics are evaluated 
accordingly. The simulations of the computational fluid 
dynamics (CFD) with the unsteady Reynolds Average 
Navier Stokes (URANS) model are performed to assess 
the flow behavior behind the blade due to the presence of 
the VGs. The evaluation is conducted by comparing the 
turbine with and without VGs. The turbine without VGs is 
considered as the base line. The visualization of the 
turbulent kinetic energy and the flow field is provided to 
support the simulation results. The current research 
contributes to offering guidance for designing wind 
turbine blades. 

 
2.  Numerical Technique 

The turbine blade design starts with selecting the airfoil. 
NACA 0015 airfoil was chosen since Mohamed et al.31) 
found that NACA 0015 performed the highest power 
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coefficient for the H-rotor turbine. The CFD software 
ANSYS Fluent is used in the study to perform all the 
computations. The computations were conducted for the 
blade without VGs, the blade with rectangular VGs, and 
the blade with triangular VGs. 

 
2.1 Computational Domain and Vortex Generators 

Geometry  
The computational domain, represented by the 

enclosure, consists of rotating and stationary regions, as 
shown in Figure 1. The stationary region was designed 
with a length of 15D and a width of 10D, where D is the 
rotor diameter of the wind turbine.  

 

 
Fig. 1: Schematic of enclosure the computational domain. 

 
The rotor diameter (D) used in the current study was 

1,650 mm. The rotor consists of three blades which 
consider as the rotating zone. The blade chord length (c) 
was 375 mm. The direction of blade rotation was in a 
counter-rotating direction. The blades were attached to the 
rotor arm at 30% of the chord length. Though, in the 
simulation, the rotor arm and shaft were not included. The 
parameter design for the validation was referred to Song 
et al. 32). Table 1 shows the details of the parameter design 
of the H-rotor turbine. 

 
Table 1. Parameter of H-rotor turbine. 

Parameters Symbol Value 

Wind velocity (m/s) V∞ 8 

Blade number (-) N 3 

Rotor diameter (mm) D 1650 

Blade chord length (mm) c 375 

Blade attachment (mm) - 30%c 

 
Song et al.32) used 2D simulation for their study. 

Therefore, in the validation case, the current study also 
conducted the validation using a 2D H-rotor wind turbine 
and compared the results for the evaluation. After 
achieving the satisfied value for the validation, less than 

10%, the simulation will further investigate the 
performance of the wind turbine by using the 3D 
simulation. 

To investigate the effect of the VGs on the wind turbine, 
the comparison of the blade with and without VGs is 
provided in the current study. The blade without VGs was 
used as the baseline. The blade height was set as 1,000 mm 
with a rotor diameter of 1,650 mm, as shown in Fig. 2. 
While the addition of the VGs into the turbine blade was 
shown in Fig. 3. The red box in Fig. 3 shows the VGs 
installment onto the wind turbine. 

 

 
Fig. 2: Blade 3D modelling without VGs. 

 

 
Fig. 3: Blade 3D modelling with VGs. 

 
The VGs in the current study was modified as a 

triangular and rectangular shape. The height, length, and 
thickness for both were kept constant at 6.5 mm, 13 mm, 
and 1.3 mm, respectively. The details of the VGs 
employed in the current study can be seen in Figure 4 (a) 
and (b), respectively, for triangular and rectangular shapes. 
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(a) 

 

 
(b) 

Fig. 4: (a) Triangular VGs, (b) Rectangular VGs. 
 
Figure 5 shows the VGs arrangement on the blade surface. 
The VGs were arranged as a pair with a constant spanwise 
of 32 mm toward the incoming airflow while the angle 

between the VGs position and flow direction was 75°. The 
setting position was similar both for rectangular and 
triangular VGs. 

 
Fig. 5: The VGs arrangement on the blade surface. 

 
The modified parameter in this study was the chordwise 

position (x/c). The x/c was set at 10%, 15%, 20%, and 
25% for both VGs. As a consequence of x/c modification, 
the VGs position from the chord will be 37.5 mm, 56.25 
mm, 75 mm, and 93.75 mm, respectively, for x/c of 10%, 
15%, 20%, and 25%. Figure 6 depicts the position of the 
VGs towards the chord length.  

 

 
Fig. 6: The VGs position towards chord length. 

 

Incoming air flow 
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2.2 Computational Fluid Dynamics Simulation 
The Semi-Implicit Method for Pressure-Linked 

Equations (SIMPLE) was used to solve the 
Incompressible Unsteady Reynolds-Averaged Navier-
Stokes (URANS). The flow in the current simulation was 
considered as an unsteady incompressible viscous flow. 
The governing equation for continuity and momentum is 
as follows33):  

𝜕𝜕𝜕𝜕𝑗𝑗
𝜕𝜕𝜕𝜕𝑗𝑗

= 0,     (1) 

𝜕𝜕𝜕𝜕𝑖𝑖
𝜕𝜕𝜕𝜕

+ 𝑢𝑢𝑗𝑗
𝜕𝜕𝜕𝜕𝑖𝑖
𝜕𝜕𝜕𝜕𝑗𝑗

= − 1
𝜌𝜌
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑖𝑖

+ 𝜕𝜕
𝜕𝜕𝜕𝜕𝑗𝑗

�𝑣𝑣 𝜕𝜕𝜕𝜕𝑖𝑖
𝜕𝜕𝜕𝜕𝑗𝑗
� + 𝑓𝑓𝑖𝑖  (2) 

where t represents the time, ρ is fluid density, u is the fluid 
velocity, and p is the pressure. The xi and xj are cartesian 
coordinate components while fi is the body force per unit 
volume.  

The turbulent model was simulated using Realizable k-
ε. It is referred to Song et al.33), who compared six 
turbulence models for 2D unsteady models of VAWT, 
including the Realizable k-ε model. They found that, for 
rotating simulation, the Realizable k-ε model is the best 
option to show the rotation and curvature effect as well as 
give more acceptable accuracy. Besides, the Realizable k-
ε model also has the ability to simulate the flow field that 
occurs in the modeling. The pressure, turbulent kinetic 
energy, and specific dissipation rate were solved using a 
second-order interpolation scheme. The numerical 
settings detail is tabulated in Table 2. 

 
Table 2. The simulation settings. 

Parameters Value 
Fluid density 
Fluid viscosity 
Inlet boundary 
Outlet boundary 
Latera sidesl boundary 
Blades boundary 
Contact Region between 
rotating and stationary 
region boundary 
Solver type 
Viscous model 
Residual Error 

1.225 kg/m3 

1.7894 x 10-5 kg/m.s 

Velocity inlet, 8 m/s 
Pressure outlet 
Symmetry 
No-slip wall 
Sliding grid interface 
 
 
Pressure Based 
Realizable k-ε 
1 x 10-4 

 
2.3 Mesh Generation 

The tetrahedral meshing method was applied in the 
current simulation. The size meshing function of 
proximity and curvature mesh type has been applied to 
ensure the mesh quality of curvature area on the rotating 
domain and airfoil. To improve the mesh accuracy, the cell 
size was limited by 100 mm for all domains. In addition, 
the accuracy was also enhanced by applying body sizing 
with a 50 mm element size for the rotating domain where 
the wind turbine was applied. Not only the rotating 
domain but also the enclosure where the turbine rotates; 
the body sizing was applied with an element size of 50 

mm. The generated mesh has 1,775,328 nodes and 
1,695,154 elements. Figures 7 (a) and (b) show the mesh 
configuration of the rotating and far-field domains. The 
mesh is gradually refined along the region close to the 
blades; hence the details of the flow fields during the 
rotation can be captured.  

 

 
(a) 

 

 
(b)  

Fig. 7: The mesh configuration on the (a) rotating domain; 
(b) far field domain. 

 
Figures 8 (a) and (b) show the mesh generation for 

single VGs and whole VGs in the 3D simulation, 
respectively. The tetrahedral mesh was applied for the 
VGs with a maximum face size of 50 mm and a minimum 
face size of 1 mm. The presence of the VGs revealed the 
increase of the mesh element by 2,865,136 with 936,230 
nodes. The maximum and average skewness was found to 
be 0.801 and 0.196, which satisfied the mesh requirement 
for the tetrahedral mesh type. The maximum skewness of 
tetrahedral mesh should be lower than 0.95 with an 
average value of less than 0.3334). Based on the mesh 
evaluation, the identical mesh was applied for both VGs. 
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(a) Mesh for single VGs. 

 

 
(b) Mesh for whole VGs.  

Fig. 8: Mesh for (a) single VGs, (b) whole VGs. 
 

2.4 Boundary conditions  
Figure 9 depicts the boundary conditions set up for the 

computational domain.  
 

 
Fig. 9: Boundary condition on the 3D domain. 

 
The simulation was a free-stream transient, pressure-

based condition. The rotor sub-grid, in which a rotating 
domain was set at constant velocity depending on tip 

speed ratio (TSR). The velocity inlet was 8 m/s. The outlet 
was set as a pressure outlet. The upper and bottom walls 
were assumed as smooth walls with zero shear stress or 
slip walls. Near-wall treatment was applied using 
enhanced wall treatment to model the turbulent flow with 
y+ < 5.  

The simulation process for the blade with and without 
VGs is conducted by changing the tip speed ratio (TSR) 
value. There are five variations of TSR, starting from 0.5 
to 2.5 with a 0.5 increment. The simulation output is the 
moment coefficient (Cm) for each time step. Then the 
power coefficient (Cp) value can be calculated by the 
following equation: 

 
𝐶𝐶𝐶𝐶 = 𝑇𝑇𝑇𝑇𝑇𝑇.𝐶𝐶𝑚𝑚,𝑎𝑎𝑎𝑎𝑎𝑎    (3) 
 

2.5 Validation  
The validation was conducted by evaluating the current 

result with reference 32). Figure 10 compares the recent 
result and the reference's power coefficient value (Cp). As 
shown, the discrepancy was relatively small. The 
maximum discrepancy was 15.22 % at a TSR of 2.5. It 
implies that the agreement of the results in terms of Cp 
was good at a low rotational speed. The average 
discrepancy was found in the value of 8.7%. It means that 
the model was satisfied with the reference. 

 

 
Fig. 10: Comparison of Cp value of the current study and 

reference [32]. 
 
3.  Results and Discussion 

Once the validation for the simulation is achieved, the 
modeling of the H-rotor wind turbine can be conducted. 
The simulation was conducted in the 3D modeling method. 
The moment coefficient (Cm) and power coefficient (Cp) 
are calculated to evaluate the performance. The Cm and 
Cp values of the rotor blade with VGs are compared with 
the rotor blade without VGs to assess the performance 
enhancement of the turbine. 
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3.1 The effect of Vortex Generators on Moment 
Coefficient (Cm)  

The variation of the Cm is analyzed for azimuth angle, 
θ. Figure 11 shows the azimuth angle definition in the 
rotor plane for blades 1, 2, and 3.  

 

 
Fig. 11: Azimuth angle definition (θ). 

 
The moment coefficient (Cm) of the rotor blade without 

VGs is provided in Figure 12.  
 

 
Fig. 12: Polar chart of Cm with respect to θ during one 

rotational period at TSR of 1 for rotor blade without VGs. 
 
Figure 12 plots the polar chart at TSR of 1 for one 

rotational period; since the rotor contains three blades, the 
curve repeats after 120°. Figure 12 exhibits that the 
maximum Cm value occurs when the turbine rotates at θ 
of 60°, 180°, dan 300°. The Cm maximum was 0.4 at θ of 
300°. In contrast, the minimum value of Cm appears at 0°, 
120°, dan 360°. The Cm minimum was 0.015 at θ of 360°. 
As Song et al.32) reported, the upwind region has a higher 
Cm value than the downwind region. As shown in Figure 
12, the upwind region moment characteristics always 
show a positive Cm, while some downwind regions have 
a negative Cm. The moment characteristics depend on the 

wind velocity 35). The Cm value constantly grew from θ of 
35° until it reached the peak value at θ of 60°, then again 
decreased until θ of 120°. The trend was repeated for 
every θ of 120°. The obtained Cm value for one rotational 
period is then considered the Cm average to evaluate the 
Cp. The extracted Cm data from the simulation revealed 
that for each TSR value, the Cm average is 0.079, 0.152, 
0.230, 0.172, dan 0.094, respectively, for TSR of 0.5, 1, 
1.5, 2, and 2.5. The highest Cm falls at TSR 1.5. 

The comparison of Cm value for rotor blades without 
and with VGs is depicted in Figures 13 and 14, 
respectively, for rectangular and triangular. Compared 
with the blade without VGs, the rectangular VGs show the 
highest increment at a TSR of 1.5. While the highest 
increment for triangular VGs found at the TSR value of 1. 
Figure 13 plots the polar chart for rectangular VGs at a 
TSR value of 1.5. As can be seen from Figure 13 that the 
use of VGs enhances the Cm value for each azimuth angle 
(θ). The highest Cm value was 0.443 at θ of 60°, x/c of 
25 %, and TSR of 1.5. The trend of Cm for a blade with 
triangular VGs was similar to that of the blade without 
VGs. The maximum Cm value occurs when the turbine 
rotates at θ of 60°, 180°, dan 300°. In contrast, the 
minimum value of Cm appears at 0°, 120°, dan 240°. The 
minimum value of Cm was shifted to 120° as compared to 
the rotor blade without VGs. The presence of VGs also 
benefits by resulting in a positive Cm value for one cycle 
of the rotational turbine. The chordwise variation (x/c) 
shows a slightly different enhancement of the Cm 
compared to the rotor blade without VGs. 

 

 
Fig. 13: Comparison of polar chart of Cm with respect to θ 

during one rotational period at TSR of 1.5 between rotor blade 
without VGs and rectangular VGs. 

 
Figure 14 shows that triangular VGs would also 

improve the Cm values. The highest Cm value was 0.509 
at x/c of 20 % and TSR of 1. In addition, the maximum 
Cm value occurs when the turbine rotates at θ of 80°, 200°, 
dan 320°. In comparison, the minimum value of Cm 
appears at 20°, 140°, dan 260°. The minimum value of Cm 
was shifted to 120° as compared to the rotor blade without 
VGs. In the triangular VGs, the variation of x/c shows a 
large difference in the curves, particularly in the upwind 
region. However, their total increment is still lower than 
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the rectangular VGs. The reason behind the trend might 
explain using flow field characteristics which will be 
provided hereafter. 

 

 
Fig. 14: Comparison of polar chart of Cm with respect to θ 

during one rotational period at TSR of 1 between rotor blade 
without VGs and triangular VGs. 

 
3.2 The effect of Vortex Generators on Power 

Coefficient (Cp) 
Figure 15 shows the power coefficient (Cp) variation of 

rotor blades without VGs and with rectangular VGs at x/c 
of 10%, 15%, 20%, and 25% towards the different tip 
speed ratios (TSR). For all the cases, the Cp value 
increased sharply until the TSR of 1.5, then decreased 
after that. The turbine generates less torque in high TSR, 
affecting the decrease of Cp. The comparison to rotor 
blades without VGs shows that the highest increment of 
Cp using the rectangular VGs was in the average of 
47.24% for TSR of 1.5 and x/c of 25%. From Figure 15, it 
is interesting to notice at x/c of 10% and TSR of 2.5, the 
Cp of the blade without VGs was higher than that of the 
blade with VGs. At high TSR, the turbine angular velocity 
is also high, resulting in drag force enhancement. Though 
the lift coefficient increased simultaneously, the presence 
of VGs could not suppress the negative effect of the VGs. 
The rectangular VGs generate a high lift force followed 
by a high drag force 36). 

 

 
Fig. 15: The Cp value at different TSR for blade without 

VGs and with rectangular VGs. 

As mentioned above, the best performance was at x/c 
of 25%, where VGs indicate that the lift could suppress 
the induced drag in this variation. The H-rotor wind 
turbine has a unique characteristic where the angle of 
attack constantly changes due to the rotation of the wind 
turbine on the vertical axis. This would be a challenge in 
developing a rotor blade that can delay the flow separation 
under a fluctuating angle of attack.  

Figure 16 depicts the results of the power coefficient 
toward TSR variation for the blade without VGs and with 
triangular VGs under different x/c. As expected, the VGs 
would enhance the Cp compared to the blade without VGs. 
It is indicated from Figure 16 that each variation of the 
blade with triangular VGs has a higher value as compared 
to the blade without VGs. 

 

 
Fig. 16: The Cp value at different TSR for blade without 

VGs and with triangular VGs. 
 
The VGs could enhance Cp by about 45.68% at x/c of 

20% and TSR of 1.5. The peak value of Cp was in a TSR 
of 1.5, and then it gradually decreased when the TSR 
increased. However, the Cp value of VGs remains higher 
than without VGs. Slightly different from rectangular VGs, 
the best position of triangular VGs is in the x/c position of 
20%, where the lift force is the highest. Figures 15 and 16 
indicate that using VGs on the H-rotor airfoil could 
improve the Cp generated by the turbine. VGs create a 
vortex that transforms the laminar sublayer in the airfoil 
surface's boundary layer, accelerating the development of 
the turbulent flow. The transformation of laminar into 
turbulent flow effectively delays the flow separation 
leading to the delaying the stall while increasing the lift 
force. Hence the presence of VGs both for triangular and 
rectangular provides a significant effect on performance 
enhancement. 

 
3.3  The effect of Vortex Generators on Vortex 

Development 
The vortex development of the VGs is represented by 

the turbulent kinetic energy (TKE), as shown in Figure 17. 
Figure 17 shows the comparison of the TKE towards the 
chordwise (x/c) position for the blade without VGs and 
with rectangular and triangular VGs. As can be seen from 
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Figure 17, the TKE for the VGs much higher than the 
blade without VGs. In the blade without VGs, only small 
TKE energy was observed in the blade tip. However, the 
blade with rectangular and triangular VGs shows a high 
TKE towards the leading and trailing edges. The vortex 
generators create vortices in the boundary layer that are 
essentially parallel to the airflow direction over the blade. 
These vortices increase the TKE of the airflow closest to 
the blade's surface by moving faster air from the boundary 
layer's outer region down to the region near the surface, 
strengthening the boundary layer and delaying its 
separation. Wake region development on the blade with 
VGs also contributes to the higher value of TKE. 
Therefore, as the higher TKE appeared in the blade with 
VGs, their power coefficient tended to be higher than the 
blade without VGs.  

At the chordwise position (x/c), the TKE shows the 
highest TKE at x/c of 25% for rectangular and 20% for 
triangular. For the VGs, the TKE improved with the 
increase of x/c until it reached the maximum and 
decreased. Since the post-stall behavior depends on the x/c 
position, it will be crucial to decide on the VGs position 
37). If the position is too far from the downstream, it will 
affect the sudden decrease of lift force. At x/c <20%, both 
VGs experienced a considerable lift force with less drag 
force. However, after x/c >20%, the drag force rose under 
the increase of the lift force. Therefore, it is suggested to 
have the VGs position at x/c ≤ 20% to maximize the power 
output. The position implies the best compromise between 
post-stall behavior and performance enhancement. The 
net of imbalance lift and drag force will decide the 
performance. 

 

 
Fig. 17: Turbulent kinetics energy towards the chordwise (x/c) for blade with and without VGs. 
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3.4  The effect of Vortex Generators on Flow Field 

Figure 18 compares the blade's flow field velocity 
without VGs and rectangular and triangular VGs towards 
the chordwise (x/c) variations. The fluid velocity around 

the blade surface can indicate how much the impact of the 
VGs and vortex their vortex development. The turbulent 
flow generated by the VGs improves the flow velocity in 
the impacted region, which would also delay the fluid 
separation in the airfoil.  

 

 
Fig. 18: Flow field velocity towards the chordwise (x/c) for blade with and without VGs. 

 
As seen in Figure 18, the velocity of the turbine with 

VGs was higher than without VGs. It is consistent with 
the turbulent kinetic energy generation in Figure 17. The 
laminar boundary layer of the airfoil is gradually 
transformed into turbulent flow due to the presence of 
VGs, leading to a speedy velocity. Figure 18 shows fluid 
velocity improvement, especially at the suction and 
pressure sides of the blade with VGs. The fluid velocity 
improvement affects the lift force enhancement, which 
impacts the coefficient moment intensification. 
 
4.  Conclusions 

The current study provides a numerical study on the 
effect of the vortex generators (VGs) on the H-rotor blade 
of a wind turbine using ANSYS FLUENT with URANS 
modeling. Two VGs in rectangular and triangular shapes 
were attached to the blade surface to improve the 
performance. To evaluate their performance, the rotor 
blade without VGs also was investigated in the current 
study. The effect of chordwise (x/c) was evaluated to 
suggest the best embodiment position of the VGs on the 
blade surface. According to the simulation results, we 
found that: 
• The VGs improve the moment coefficient (Cm), and 

Power coefficient (Cp) compared to the rotor blade 
without VGs. The rectangular VGs show the highest 

increment at a TSR of 1.5. However, the highest 
increment for triangular VGs found at the TSR value 
of 1. 

• For rectangular VGs, the highest Cm value was 
found at 0.443 at θ of 60°, x/c of 25 %, and TSR of 
1.5. While for triangular VGs, the highest Cm value 
was found at 0.509 at x/c of 20 % and TSR of 1.  

• In terms of Cp, the rectangular VGs had the 
maximum power coefficient (Cp) value at the x/c of 
20%, while the triangular VGs had the maximum Cp 
value at the x/c of 25%. However, both VGs show 
the maximum Cp in the value of 0.467 with a 1.5 Tip 
Speed Ratio (TSR).  

• The best position of x/c for the rectangular was at 
25%, while the triangular was 20% as the best 
compromise between the performance enhancement 
and stall behavior.  

• The performance improvement shows that the blade 
with VGs improves the performance of the wind 
turbine by around 45.68% and 47.24%, respectively, 
for triangular and rectangular. 

• The turbulent kinetic energy (TKE) and velocity 
field revealed that the VGs could suppress the flow 
separation by generating vortex flow at the surface 
of the airfoil. They induce vortices at the boundary 
layer, leading to the increase of turbulent kinetic 
energy.  
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