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ABSTRACT 
 

The new Contra-rotating Darrieus turbine configuration has been invented to 

enhance the Vertical Axis Wind Turbine (VAWT) performance. This 
configuration increases the relative rotational speed of the generator, 

resulting in higher output power. It is well known that the increase can reach 

four times the output power. However, how the Darrieus turbine VAWT contra-
rotating configuration influences its aerodynamic performance still needs to 

be discovered. This study investigates the aerodynamic performance of the 

contra-rotating configuration by comparing it to the single-rotating Darrieus 
turbine VAWT under the same conditions. The freestream speed is 5 m/s, with 

TSR varying from one to two intervals of 0.2. This research is being completed 

using Computational Fluid Dynamics (CFD) 3D cases with an Unsteady 
Reynold Average Navier-Stokes (URANS) equation as the turbulent model 

equation. The results of this study show that in terms of output power or Power 

coefficient (Cp), the contra-rotating has a greater value than the single-
rotating configuration. However, in all TSR variations, contra-rotating 

outperforms single-rotating in terms of aerodynamic performance or moment 

coefficient (Cm). This is due to the fact that the aspect ratio of stage 1 contra-
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rotating rotor is lower than the single-rotating rotor, resulting in more 

significant blade tip losses in contra-rotating. The flow was discovered 
through the gap between stages 1 and 2 contra-rotating, providing additional 

momentum. This phenomenon increases Cm at an azimuth angle of 200°-255°. 
 

Keywords: Darrieus Turbine; Contra-Rotating; Numerical Simulation; 

Power Coefficient; Moment Coefficient 
 

 

Introduction  
 
The development of renewable energy, especially the Vertical Axis Wind 

Turbine (VAWT), is increasing.  due to the awareness of the current pollution 

levels from the use of fossil energy [1]. VAWT itself has several advantages 
when compared to Horizontal Axis Wind Turbine (HAWT), such as a simple 

design so that the costs required are not much, being able to work in urban 

areas or areas with low wind speeds and being able to work in all different 
wind directions [2]. However, people still use HAWT more than VAWT 

because HAWT produces better performance when compared to VAWT and 

has a better self-start. Many researchers were trying to improve the quality of 
VAWTs, such as [3]-[4], who import hybrid VAWTs to have good 

performance and self-start. Bausas and Danao [5] used an airfoil camber to 
improve the performance of the Darrieus turbine VAWT. Several studies [2], 

[6]–[8] examined the effect of solidity on tip speed ratio. Li et al. [9] examined 

the effect of aspect ratio on turbine performance. Zhu et al. [10] investigated 
the addition of a flap. Liu et al. [11] investigated the effect of the trailing edge 

movable flap on the VAWT performance of the Darrieus turbine. Several 

studies from [12]-[16] examined the effect of pitch angle on VAWT 
performance. Azizuddin et al. [17] studied VAWT with a novel blade design.  

Didane et al. [18] conducted an experiment using a new rotor 

configuration, namely the contra-rotating VAWT, especially with the Darrieus 
turbine. This configuration has two rotors with the same airfoil type and 

dimensions rotating in opposite directions but having one axis of rotation. This 

configuration is inspired by contra-rotating HAWT where the configuration 
utilizes the residual wind speed from the main rotor by using an additional 

rotor located behind the main rotor so that the turbine's performance can be 

increased. The incoming wind speed in the contra-rotating either through the 
first stage or the second stage has the same magnitude, so the moment was 

greater than just the first stage. In contra-rotating, both the rotor and stator at 

the generator rotated in opposite directions, so it produced a higher relative 
rotation. This configuration used a semi-cylindrical pipe placed on the 

connector between the rotor and the shaft to assist in self-starting. This 

configuration did not require an electric motor as a helper in self-starting, so 
the tip speed ratio used can be less than one. That study stated the increasing 
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Coefficient Performance (𝐶𝑃) with contra-rotating configuration up to 40% 

compared to the single-rotating. Contra-rotating VAWT produced a greater 

moment than single-rotating VAWT. Therefore, the contra-rotating effect on 

the Darrieus turbine performance can significantly increase the turbine 
performance. After following this study, there came researcher research this 

configuration, such as examining the concept of contra-rotating VAWT using 

a Savonius turbine conducted by Ahmudiarto et al. [19]. From this study, it 
was found that the performance obtained increased up to two times. Didane et 

al. [20] also conducted research on contra-rotating using a Savonius turbine. 

The three blades of Savonius were tested in a wind tunnel within an inlet 
velocity of 2 m/s up to 9 m/s. The best results were obtained at low wind speeds 

(2 m/s), with an average Cm increasing up to 42% and Cp 28% for contra-
rotating configuration. Then the research was conducted by Didane et al. [21] 

to determine the effect of axial distance and aspect ratio. The study found that 

the best performance was obtained by using the smallest axial distance and the 
largest aspect ratio. Didane et al. [22] also studied using Savonius and Darrieus 

turbines in the contra-rotating VAWT configuration with low wind speed 

starting from 2 m/s to 9 m/s. it was found that contra-rotating increased the 
efficiency system by up to 42%. Particularly, the Darrieus turbine resulted in 

a higher efficiency along with the increasing wind speed. While in the savonius 

turbine, the efficiency was opposite with the Darrieus turbine.  
Jung et al. [23] investigated contra-rotating HAWT with optimal 

variations in axial distance and diameter size of the auxiliary rotor. The best 

performance is discovered in the size and axial distance, which is at 12 of the 
main rotor diameters. Ko et al. [24] conducted a numerical study of contra-

rotating using a Darrieus turbine. This study adopted the contra-rotating 

geometry from [18], with variations of thickness airfoil, camber airfoil, and 
also the axial distance between the first stage and the second stage. The tip 

speed ratio value was conditioned as same as in [18]. this study aimed at the 

effect of contra-rotating without semi-cylindrical pipes that connected the 
rotor’s shaft with the performance. The results showed that the greatest 

thickness can produce better performance. In contrast, airfoils with the largest 

camber can produce the best performance. However, this study resulted in a 

very small 𝐶𝑃 compared to the research conducted by Didane at the same tip 

speed ratio value. 
Previous studies [18], [24] showed that contra-rotating Darrieus 

turbines were still limited to a low tip speed ratio which was below one while 

this tip speed ratio was not an ideal condition for Darrieus turbine working on 
[22]. Therefore, the aerodynamic performance characteristic of the 

configuration was yet to be explained. This study aims to determine the effect 

of the contra-rotating VAWT configuration on the Darrieus turbine with an 
ideal tip speed ratio for the Darrieus turbine working using Computational 

Fluid dynamics (CFD). This study uses the three-dimensional unsteady 

simulation case to obtain more accurate results and representation of the three-



Aditya Ilham Setyawan Haryogo et al. 

 

4 

dimensional flow structure across the contra-rotating turbine rotors. To the best 

of our knowledge, this is the first paper to analyze the flow structure around 
the contra-rotating turbine and compare it with the single-rotating one. 

 

 

Method 
 

Turbine configuration 
This study used a single-rotating configuration to compare the performance 

with contra-rotating. This single-rotating configuration followed the turbine 

model from [28], Darrieus turbine with the H-rotor with a diameter rotor of 
0.74 m, rotor height of 0.6 m, airfoil NACA 0015 with a chord length of 0.15 

m as shown in Figures 1a and 1d. Meanwhile, the contra-rotating configuration 

consisted of two stages rotating in opposite directions i.e. the first stage rotated 
clockwise direction while the second stage rotated counterclockwise direction. 

This configuration has the same dimensions as single-rotating, only this 

configuration, was divided into two parts as shown in Figure 1d.  based on 
research from [1], stated that the smallest axial distance gave the best 

performance. More details are shown in Table 1 

 
Table 1: Details of the single-rotating and contra-rotating turbine 

 

Parameter Single - Rotating Contra-Rotating 

Diameter, D (m) 0.74 0.74 

Radius, R (m) 0.37 0.37 

Height, H (m) 
Swept Area, A [m2] 

Axial Distance, Ad [m] 

0.6 
0.44 

- 

0.3 x 2 stage 
0.2 x 2 stage 

0.06 
Number of Blades, N (m) 3 3 x 2 stage 

Chord Length, c (m) 0.15 0.15 

Airfoil NACA 0015 NACA 0015 

Pitch Angle (β) (°) 0 0 

Aspect Ratio, H/D (-) 0.81 0.405 x 2 stage 

Solidity Ratio, σ (-) 0.193 0.193 

ReD (-) 

 Tip Speed Ratio [-] 

228914.14 

1, 1.2, 1.4, 1.6, 1.8, 2 

228914.14 

1, 1.2, 1.4, 1.6, 1.8, 2  

Numerical method 
The three-dimensional simulation was carried out using the finite volume 
method with the Unsteady Reynold Averaged Navier Stokes (URANS) as the 

basic flow equation to be solved. The URANS equation has several variables 

such as time, velocity, pressure, and turbulent properties. The velocity, time, 
and turbulent properties were solved using a second-order discretization 

scheme to get good accuracy, while the pressure variable uses a SIMPLE 

pressure-velocity coupling scheme [26]. The turbulent model used was SST-
kw because this turbulent model can capture the phenomenon of flow 
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separation in the adverse pressure gradient region to provide more accurate 

results [27].   
 

 
       (a)           (b) 

 

  
         (c)            (d) 

 
Figure 1: Geometry and dimensions of the contra-rotating Darrieus VAWT 

turbine; (a) top view single-rotating, (b) top view contra-rotating, (c) side 

view single-rotating, and (d) side view contra-rotating 
 

The boundary condition used was the velocity inlet with a value of 5 

m/s while the outlet used a pressure outlet with a value of 0 pascals. The side 
wall, the top wall, and the bottom wall used a slip condition wall, but the airfoil 

used a no-slip condition wall. The cell zone in the fixed zone was set to 

stationary while the rotating zone was set to rotary with the boundary between 
the fixed zone and the rotating zone set as an interface so that the two cell zones 

can communicate. The time step was set using the azimuth angle interval (dθ) 

of 0.5° so the results obtained are accurate while the computation time is also 

not too long [26]. As many as 22 revolutions were conducted to obtain accurate 

and stable results [26]. Therefore, in this study, the simulation was divided into 
2 steps. The first step of the simulation was carried out with 20 revolutions 

with a dθ of 10°. The discretization scheme especially for turbulent properties 

used first-order and the convergence criteria were set to 10−4 for all properties. 

This simulation aimed to obtain a stable calculation. After that, the simulation 
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was repeated with 2 revolutions at a dθ of 0.5°. The discretization schemes 

used all second order, and the convergence criteria were set 10−5. This 

simulation aimed to get accurate results so that the simulations carried out in 

this study obtained stable and accurate results. 
The domain calculation that was simulated consists of two different cell 

zones, namely the fixed zone and the rotating zone. There are two rotating 

zones each on the first stage and the second stage which allows for the rotor to 
rotate in opposite directions. The length of the calculation domain itself was 

25D while the width was 10 D. The height was made of 6D as shown in Figure 

2. The dimensions of the calculation domain were determined in such a way 
that the resulting blockage ratio was not more than 5% whereas the blockage 

ratio is a ratio between swept area turbine with a cross-sectional area of domain 

calculation [25]. 
 

 
(a) 

 

 
(b) 

 
Figure 2: Domain calculation (a) top view, and (b) side view 

 

The mesh that can be applied to the calculated domain can only use a 
mesh with a tetrahedral mesh. This was because the domain calculation that 

has been made has a slightly complicated form. The use of tetrahedral mesh 

was more flexible for complex domain calculations but has a drawback related 
to accuracy. In addition, using tetrahedral requires a longer process in the 

simulation than using a hexahedral mesh which will be a problem in this study 
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because this research relied heavily on high accuracy but with fast computation 

time. Therefore, it was necessary to make some auxiliary lines in the 
calculation domain to ensure that a hexahedral mesh dominates the mesh that 

can be applied to the calculation domain as in Figure 3. Thanks to the helplines 

provided for the domain calculation, the mesh can be used for the domain 
calculation using hexahedral. However, for the mesh around the rotating zone, 

it was very difficult to condition the hexahedral with a structured mesh because 

the geometry of the Darius turbine was quite complicated. Therefore, auxiliary 
lines were added around the airfoil so that the mesh around the airfoil can be 

hexahedral conditioned with a structured mesh. The first distance between the 

wall of the blade and the first cell was described as 𝑦+. Therefore 𝑦+ was 

conditioned at 𝑦+< 5 so that the calculation reached the viscous sub-layer area 

to increase the accuracy. 

 

     
  (a)             (b) 

 

     

 
(c) 

 

Figure 3: Overall mesh; (a) around the airfoil, (b) top view, and (c) side view 
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Grid independence test 
One of the factors that affect the simulation process's accuracy is the number 
of cells used. Ideally, the more cells used, the more accurate the simulation 

results will be.  

 
Table 2: GIT result 

 

Number 

of cells 

Coefficient 

moment 

Maximum 

y+ 

Maximum 

skewness 

Relative error 

coefficient moment 

1067739 0.269627 2.042 0.77 - 

1393864 0.267208 2.032 0.77 0.008972 

1719989 0.264362 2.045 0.75 0.010651 

2046114 0.2602057 2.038 0.7 0.0026 

2372239 0.260884 2.02 0.7 0.0026 

  

However, with many cells, the computation time will also be longer. 
Then it is necessary to use the optimal number of cells. Optimal means that by 

using as few cells as possible, the desired parameter results slightly different 

from higher cells. A test was carried out namely the Grid independence test 
(GIT). In this study, it was determined that there were five numbers of cells 

used, namely 1 million, 1.4 million, 1.7 million, 2 million, and 2.4 million. The 

parameter to be compared is the mean Coefficient Moment (𝐶𝑀) for each 

number of cells produced. In the GIT process, It was used a constant wind 
speed of 5 m/s with a constant tip speed ratio of 1.4. 

From the tests carried out, Table 2 shows that the number of cells of 2 

million began to show a small difference in mean 𝐶𝑀. It was found that the 

number of cells 1 million, 1.4 million, and 1.7 million still produced 

fluctuations in mean 𝐶𝑀. Therefore, in this study, the number of mesh 2 million 

was taken as the optimum mesh with maximum 𝑦+ at 2.038. 

 

 

Governing Equations 
 

Conservation mass and momentum equation  
When using the CFD approach to solve problems, two basic equations of flow 
are used, namely the conservation of mass and momentum. Equation 1 refers 

to the mass conservation of the fluid flowing in the control volume, in which 

the dot product of nabla (∇) and the velocity vector (𝑉⃗ ) are equal to 0. This 

implies that the fluid mass flow in the control volume must be constant.  
 

∇. 𝑉⃗⃗⃗⃗ = 0 (1) 
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Equation 2 depicts the fluid momentum equation when working in 

volume control with the x coordinate. Due to the turbulent conditions, there 

are several additional variables (𝑢′2̅̅ ̅̅ , 𝑢′𝑣 ′̅̅ ̅̅ ̅̅ , 𝑢′𝑤′̅̅ ̅̅ ̅̅ ) as Reynold Stresses that are 

resolved in this study. This is known as the Reynold Average Navier Stokes 
(RANS) equation. 

 

𝜌 (
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 𝑤

𝜕𝑢

𝜕𝑧
) =  𝜌. 𝑔 −

𝜕𝑝

𝜕𝑥
+ 𝜇 (

𝜕2𝑢

𝜕𝑥2 +

𝜕2𝑢

𝜕𝑦2 +
𝜕2𝑢

𝜕𝑧2) +
1

𝜌
[
𝜕(−𝜌𝑢′2)

̅̅ ̅̅ ̅̅ ̅̅

𝜕𝑥2 +
𝜕(−𝜌𝑢′𝑣′)̅̅ ̅̅ ̅̅ ̅̅ ̅

𝜕𝑦2 +
𝜕(−𝜌𝑢′𝑤′)̅̅ ̅̅ ̅̅ ̅̅ ̅̅

𝜕𝑧
]  

 

(2) 

Model turbulent 
The K- ω SST is one of several turbulence models that combine the K- ε and 

K- ω models. It is well known that the use of the K- ε model is less sensitive 

in areas far from the wall. However, it is extremely sensitive to the boundary 
layer in the adverse pressure gradient area near the wall. As a result, the K- ω 

SST employs the K- ε  model in areas far from the wall and the K- ω model in 

areas close to the wall. Equation 3 depicts the transport equation for K- ω SST. 
 

𝜕(𝜌𝜔)

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝜔𝑈) = 𝑑𝑖𝑣 [(𝜇 +

𝜇1

𝜎𝜔,1
)  𝑔𝑟𝑎𝑑(𝜔)] +

 𝛾2 (2𝜌𝑆𝑖𝑗 .𝑆𝑖𝑗 −
2

3
𝜌𝜔

𝜕(𝑈)

𝜕𝑥𝑗
𝛿𝑖𝑗) − 𝛽2𝜌𝜔2 + 2

𝜌

𝜎𝜔,2𝜔

𝜕𝑘

𝜕𝑥𝑘
 
𝜕𝜔

𝜕𝑥𝑘
  

 

(3) 

Parameter analysis VAWT 
Coefficient Power (𝐶𝑃) is a dimensionless number that is used to measure or 

compare the output power of wind turbines. This 𝐶𝑃 value is calculated by 
dividing the power on the rotor shaft by the freestream power. Where Equation 

4 shows the mathematical expression for 𝐶𝑃. M is the moment of the rotor, 

relative velocity angular for the ω, and 𝑈 for freestream velocity. 

 

𝐶𝑃 = 
2.𝑀 . ω

 𝜌𝐷𝐻𝑈3
 

(4) 

 
The coefficient Moment (𝐶𝑀) is a dimensionless number that represents 

the ratio of the moment by the rotor to the moment that is available in the 

freestream. This number is used to compare or determine the working rotor's 
aerodynamic performance. 

 

𝐶𝑀 =
𝑀

1
2
𝜌𝐴𝑅𝑈2

 
(5) 
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TSR is a dimensionless number that represents the ratio of the tangential 

speed at the rotor to the incoming freestream speed. This TSR is an important 
component in the discussion of wind turbines; besides being used in calculating 

turbine performance and turbine characteristics, this TSR value is used in the 

Darrieus turbine design [18]. 
 

𝑇𝑆𝑅 =
ω𝑅

𝑈
 

(6) 

 

 

Results and Discussion 
 

To determine the effect of the contra-rotating VAWT Darrieus turbine by 
comparing the performance of contra-rotating and the performance of single-

rotating. The compared performance is the value of CP and aerodynamic 

performance can be compared from the value of CM. After the data is obtained 

from the simulation and calculated, CP graphs are obtained for contra-rotating 

and single-rotating as shown in Figure 4. 
 

 
 

Figure 4: Graph of the change of 𝐶𝑃 versus tip speed ratio 

From Figure 4 it is known that both contra-rotating and single-rotating 
have the same peak Cp at TSR 1.6. This shows that although contra-rotating 

has a higher number of blades than single-rotating which indicates a larger 

solidity ratio, there should be a different trend of 𝐶𝑃 changes to tip speed ratio 

according to research conducted by [11]. contra-rotating has a total of 6 blades 

while single-rotating only has 3 blades, it does not change the trend of 𝐶𝑃 

versus tip speed ratio because in contra-rotating, the addition of the number of 
blades is not placed on the same rotor so that the solidity remains constant. 
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The difference in 𝐶𝑃 between contra-rotating and single-rotating can be 

seen clearly in each of the existing tip speed ratios (see Figure 4). The biggest 

difference lies in tip speed ratio 2 where the difference can reach 70%. This 

large difference in 𝐶𝑃 is mostly due to the difference in angular velocity used, 

as previously explained that contra-rotating can increase the relative rotational 
speed. 

In this study, the first and second stages have the same tip speed ratio, 

theoretically, the increase of 𝐶𝑃 in contra-rotating can reach 4 times from 

single-rotating because the relative angular velocity increases up to 2 times 

[19]. However, the largest increase in 𝐶𝑃 contra-rotating only reaches 70%. 

The loss about 30% of the total increase in 𝐶𝑃 from contra-rotating was due to 

a loss in aerodynamic performance. Figure 5 shows that in terms of 

aerodynamic performance, single-rotating is superior to contra-rotating for all 

tip speed ratios. 
 

 
 

Figure 5: Graph of change in average 𝐶𝑀 to tip speed ratio 

The greatest reduction in 𝐶𝑀 through contra-rotating versus single-

rotating was found in tip speed ratio 1 and the smallest was in tip speed ratio 

2, with 25% and 15% respectively. Figure 5 depicts the trend of change in 𝐶𝑀 

versus tip speed ratio, which is identical to the trend of change in 𝐶𝑃 to tip 

speed ratio. Peak 𝐶𝑀 differs slightly between single-rotating and contra-

rotating, with single-rotating having a 𝐶𝑀  of 0.158 at tip speed ratio 1.4 and 

contra-rotating having a 𝐶𝑀 of 0.128 at tip speed ratio 1.6. 

The cause of the significant difference in aerodynamic performance 
between contra-rotating and single-rotating in Figure 5 can be explained in the 

graph of the change in 𝐶𝑀 on the azimuth angle of 1 blade as shown in Figure 

6. As an example, the graph 𝐶𝑀 as a function of the azimuth angle for one blade 

is taken at tip speed ratio 1.6 because this tip speed ratio has the largest 
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different value of 𝐶𝑀 between the single-rotating and the contra-rotating. From 

Figure 6 it can be shown that there is a large difference in the value of 𝐶𝑀 when 

the blade passes through an azimuth angle equal to 90º or at the peak 𝐶𝑀. 

 

 
 

Figure 6: Graph of 𝐶𝑀 change to azimuth angle at a tip speed ratio of 1.6 

In single-rotating, it is found that the 𝐶𝑀 at the azimuth angle of 90° is 

around 0.31 while in contra-rotating the 𝐶𝑀 is 0.246. The difference between 

the two configurations with the relative ratio is 20%. The difference in the 𝐶𝑀 

value at the azimuth angle of 90° can occur because there are different aspect 
ratios for contra-rotating and single-rotating blades, which causes blade tip 

losses in contra-rotating blades to be greater than for single-rotating blades. 

Although this study uses the same dimensions between the height of the single-
rotating rotor and the combined rotor 1 and 2 in contra-rotating, it does not 

make the two configurations have the same aspect ratio. This is because rotor 

1 and rotor 2 have different rotation directions. When blade 1 on the contra-

rotating is at an azimuth angle of 90° or is at the peak 𝐶𝑀, none of the blades 
on rotor 2 are in the same position as blade 1 on rotor 1. 

Figures 7a and 7b for contra-rotating and single-rotating respectively 

show streamlined pulses at both ends of the blade, indicating a blade 
phenomenon of tip losses. On the pressure contour, this phenomenon is 

indicated by a change in the pressure distribution on the low-pressure side from 

the blade's tip to the center of the blade. The closer the blade tip, the more 
pressure on the low-pressure side will increase. This is due to the fact that the 

tip vortex from the high pressure side reduces flow on the low pressure side 

thus the pressure is increased. In contra-rotating (see Figure 7a), the effect of 
blade tip losses is strongly marked by an increase in pressure on the low-
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pressure side which is almost to the center of the blade due to the small aspect 

ratio of the blade, while in single-rotating (see Figure 7b), The increase of 
pressure on the low-pressure side can only be seen around the blade's tip. The 

closer to the center of the blade, the less noticeable this increase of pressure is. 

This increase in pressure on the low-pressure side will reduce the difference 
between the pressure in the high-pressure area and the low-pressure side so 

that the lift force on the blade is reduced. 

 

          
(a)     (b) 

 

 

Figure 7: Streamline and contour blade pressure 1 azimuth angle 90º Z view; 

(a) contra-rotating, and (b) single-rotating  

In addition to the effect of blade tip losses due to the difference in aspect 
ratio between contra-rotating and single-rotating, it is known that the effect of 

contra-rotating on the VAWT of the Darrieus turbine can be seen in Figure 8. 

In the graphic image, it is known that there is an increase in 𝐶𝑀 in the azimuth 

angle around 200º-255º for contra-rotating. 

The increase in 𝐶𝑀 in the azimuth angle 200º-255º is due to the contra-

rotating gap between rotor 1 and rotor 2 or what is commonly called the axial 
distance. In the single-rotating shown in Figure 9b, blade 1 with an azimuth 

angle position of  200º-255º does not get an additional moment. This is because 

the flow velocity through blade 1 is the residual velocity from blade 3 with an 
azimuth angle of 0º-180º. However, in contra-rotating, the freestream velocity 

through the axial distance formed from blade 3 and blade 4 which forms a 

straight line parallel to the axial axis does not experience a decrease in velocity 
due to energy conversion from rotor 1 or rotor 2, so that when the flow flows 

blade 1 whose position is in the azimuth angle of  200º-255º gets an additional 

momentum as in Figure 9a and the addition of this momentum can be shown 
from the larger wake area in Figure 10. It can be seen that the effect of this 
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axial distance not only increases the momentum around blade 1 but also 

increases the angle of attack at the azimuth angle of 200º-255º. 
 

 
 

Figure 8: Graph of the change in 𝐶𝑀 with respect to the azimuth angle at tip 

speed ratio 2 

 

   
(a)     (b) 

 

Figure 9: Absolute velocity contour Z = 0.14 m; (a) contra-rotating, and (b) 

single-rotating 
 

The contra-rotating moment at the azimuth angle of 200º-255º is still far 

from the moment produced when blade position 1 is at the optimum azimuth 
angle or 35º-90º. However, both blade positions receive the same freestream 

velocity. This is because the moment on the blade is obtained by integrating 

the tangential force over the entire area of the blade multiplied by the rotor 
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radius, when the position of blade 1 is at an azimuth angle of 0º-180º, the blade 

gains moment from the freestream velocity with the same value for the entire 
area of the blade. When the position of blade 1 is at an azimuth angle of 200º-

255º or in a position to obtain additional momentum from the axial distance, 

not all blade areas receive the additional momentum because some areas on 
blade 1 receive residual wind or wake from blade 3 (see Figure 9a). Even 

though the freestream velocity received on blade 1 is the same, the resulting 

moment generated by blade 1 when it is in position 200º-255º is not as large as 
when it is in position 35º-90º. 

 

   
    (a)                    (b) 

 

Figure 10: Relative velocity contour on blade 1 at azimuth angle 247º; (a) 

contra-rotating, and (b) single-rotating 
 

 

 Conclusion 
 

From this study can be concluded that the contra-rotating configuration on the 

VAWT Darrieus turbine can increase the 𝐶𝑃 of the Darrieus turbine VAWT up 

to 70% through an increase in the relative rotation of the rotor so that the power 

generated is greater in all variations of tip speed ratio. However, when viewed 

through aerodynamic performance or 𝐶𝑀, the contra-rotating configuration of 

the Darrieus turbine VAWT reduces performance in all variations of tip speed 
ratio. This is because the blade tip losses in the contra-rotating configuration 

are greater than the single-rotating due to the different aspect ratios of the two 

configurations. 
The effect of contra-rotating on the VAWT Darrieus turbine can also be 

seen from 𝐶𝑀 when the blade is at an azimuth angle of 200º-255º. There is an 

increase in 𝐶𝑀 due to freestream flow flowing through the axial distance 

providing fresh air and is known to increase the velocity and the angle of attack 
of the blade. This axial distance effect is only beneficial for the contra-rotating 

Wake area  
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VAWT of the Darrieus turbine when the turbine operates at tip speed ratio of 

1.6 to tip speed ratio of 2. 
The Darrieus contra-rotating configuration is a new configuration that 

comes with the potential to generate more output power than the conventional 

Darrieus turbine. The Darrieus turbine VAWT contra-rotating will be better 
described as a result of this research, mainly its effect on aerodynamic 

performance. However, further research on the Darrieus contra-rotating 

VAWT turbine is needed to determine how the aerodynamic performance with 
axial distance variations and when the aspect ratio between stage 1 and the 

single-rotating rotor is made the same. 
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