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Abstract 

Strut is used in vertical axis wind turbine (VAWT) to restraint the framework. In this study, struts are analyzed to show the 
pressure losses in VAWT. ANSYS computational fluid dynamics (CFD) software is used to investigate triangle strut in VAWT. 
This study aims to show a CFD simulation of struts, which affects the aerodynamic of VAWT. In CFD software, the aerodynamic 
of VAWT can be analyzed in terms of pressure losses in the struts. The simulation method starts by making a struts model, then 
meshing and setting up ANSYS's boundary conditions. The last iteration runs in ANSYS until convergence. Our results show the 
percentage of pressure losses with the variation of the angle of wind 0°, 20°, 40°, and 60° are 0.67 %, 0.52 %, 0.48 %, and 
0.52 %. The effect of triangle strut in VAWT did not affect the wind flow to the VAWT blade. The results also indicated that the 
triangle strut could be applied in the multi-stage of VAWT system. 

©2020 Research Centre for Electrical Power and Mechatronics - Indonesian Institute of Sciences. This is an open access article 
under the CC BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/).  
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I. Introduction 

Nowadays, people are interested in using 
renewable energy because of its zero emissions and 
also reduce the dependence on fossil fuels [1]. With 
the growth of the demand for application in 
renewable energy, the wind turbine is implemented 
in the urban environment. However, the design of 
the wind turbine must be considered, especially the 
design of the strut [2]. 

Vertical axis wind turbine (VAWT) different from 
the horizontal axis wind turbine (HAWT) in rotor 
kinematics, rotor aerodynamics, and wake structure 
[3]. In the wake structure, a strut keeps the wind 
turbine stable in the framework. The strut of VAWT 
is a crucial component. As such, an engineer must 
consider the strut to have a good performance for 
VAWT. In the vertical axis turbine, commonly there 
are two configurations of the turbine, namely open-

ended and squirrel-wheel design, as shown in Figure 
1 [4]. In the open-ended type usually used in the 
wind turbine, the blade is connected to the turbine 
axis using struts. The number of struts to support the 
blades varies, depending on the geometry of the 
turbine, length, radius, solidity, and blade size. On 
the other hand, squirrel-wheel type, or closed-type 
with the circle in shape usually used in marine 
turbines. In any case, both open-ended and squirrel-
wheel can be applied in the wind or marine turbine. 

Investigating VAWT strut is substantial because it 
is related to the aerodynamics of wind turbines. Any 
interference can affect the pressure losses of VAWT, 

  
(a) (b) 

 
Figure 1. (a) Open-ended type; (b) Squirrel-wheel type 
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which is a crucial factor in the performance of VAWT. 
When the wind flows to the VAWT blade, the 
velocity and pressure change due to the strut 
surrounding the blade. Therefore, the aerodynamic 
effect of the strut needs to be investigated when 
analyzing and designing struts [5][6][7]. 

Computational fluid dynamics (CFD) is a 
numerical tool used to solve aerodynamic 
phenomena. CFD can accurately predict the 
phenomenon between the strut and its surrounding. 
Many studies have been applied to evaluate the 
aerodynamic models for VAWT that can predict 
aerodynamic performance [8][9][10]. In this study, 
the ANSYS Fluent CFD software is used to analyze 
triangle strut in VAWT utilizing the pressure losses 
caused by a strut. A triangle strut on the top and 
bottom side was chosen because it can be applied by 
a multi-stage VAWT system. We assumed that CFD 
simulation can be executed in a short period using 
physical experiments and tests to get the data, such 
as pressure loss, velocity, etc. 

This research was conducted between the 
Research Centre for Electrical Power and 
Mechatronics, Indonesian Institute of Sciences (LIPI), 
and the Department of Aeronautics and Astronautics, 
Bandung Institute of Technology (ITB). Results of the 
CFD simulation will be applied to the design of 
VAWT, located in Sumedang. 

II. Materials and Methods 

This research focused on analyzing the effect of 
triangle strut in VAWT pressure losses. ANSYS 
computational fluid dynamics (CFD) method applied 
in this case. Generally, CFD consist of several 
governing equations, such as continuity equations, 
Navier-Stokes equations, and energy equations [11]. 
The simulation is performed in 2D and 3D. 
Furthermore, the object is considered by steady-
state, incompressible, isothermal, and viscous flow. 
The domain was stationary and turbulent model k-
epsilon applied in simulation. 

The continuity equation is the fundamental law 
of the mass conservation equation. The law of mass 
conservation is defined as a change in mass in the 
volume control (CV) equal to the net rate of mass 
entering CV [12]. The conservation equation for mass 
in integrals is as follows: 

𝜕
𝜕𝜕 ∫ 𝜌.𝑑𝑑𝐶𝐶 +∫ 𝜌u𝐶𝐶 .𝑛�⃑ .dA = 0, ∀v∈R (1) 

Equation (1) can be converted to the differential 
using Gauss divergence theorem: 

𝜌̇+∇ (𝜌u) = 0  (2) 

where 𝜌 is density (kg/m3), u is flow velocity (m/s), 
and ∇  is density divergence term (differential 
operator) 

∇ =  𝜕
𝜕𝜕

+ 𝜕
𝜕𝜕

+ 𝜕
𝜕𝜕

 (3) 

The equation in incompressible viscous flow 
described in the Navier-Stokes equation: 

𝜕𝑢�𝑖
𝜕𝜕

+ 𝑢�𝑗
𝜕𝑢�𝑖
𝜕𝑥𝑗

= − 𝜕𝑝̅
𝜕𝑥𝑖

+ 𝑣 𝜕²𝑢�𝑖
𝜕𝑥𝑗𝜕𝑥𝑗

− 𝜕𝜏𝑖𝑖
𝜕𝑥𝑗

 (4) 

The tensor of the velocity vector is 𝜏𝑖𝑖  

𝜏𝑖𝑖 =  𝑢́𝚤𝑢́𝚥����� (5) 

The velocity of the fluid must be equal to zero 
because no-slip condition for a viscous fluid. 

𝜕𝑢�𝑖
𝜕𝑥𝑖

= 0 (6) 

where 𝑢𝑖 is fluid velocity (m/s), p is pressure (Pa), 
and v is kinematic viscosity (m2/s). 

In this study, VAWT type with Darrieus blade 
installed with triangle struts. Generally, in the 
Darrieus model, the radial arms connect the shaft at 
one end and the inner side of the turbine blade at 
another one [13]. So, the velocity inlet can affect the 
aerodynamic of the VAWT from the radial arm and 
the shaft. Figure 2 shows the Darrieus blade with the 
flow of inlet velocity. 

Figure 3 shows the pressure distribution of the 
cylinder shape. In the cylinder shape from the area 
of shaft or strut, there is a pressure loss affected by 
inlet pressure [14]. The percentage of pressure losses 
can be calculated from data between inlet and 
reference pressure: 

𝑃𝑖𝑖𝑖𝑖𝑖−𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

× 100% = percentage of pressure losses(7) 

There are a few steps required before the CFD 
calculation. In the beginning, the model is developed 
before the mesh is carefully generated to ensure the 
quality of the simulation. The next step is to set the 
boundary conditions and conditions for the 
iterations. Lastly, the computation is started through 
iterations until the solution is found when it reaches 
the pre-defined convergence criteria [15]. Figure 4 
shows the step of the simulation. 

 
Figure 2. Inlet velocity to the VAWT Darrieus blade 

 

 
Figure 3. Pressure distribution around the cylinder shape 

 

 
Figure 4. Simulation steps 
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A. Geometry 

The triangle strut is made for a multi-stage 
vertical axis wind turbine (VAWT) which can be 
installed portable in the urban or rural area. 
Therefore, a special design is needed, different from 
the general strut. In this research, the design of the 
strut on the top and bottom is a triangle shape. So, 
the stand frame follows to support the struts. Figure 
5 shows the design of the triangle strut with the 
blade. 

Figure 6 shows the dimension of the strut. The 
diameter of the strut support is 90 mm. Each blade 
stage has a space of 3000 mm. In the middle, there 
are 500 mm of space for the multi-stage VAWT 
generator. In this study, simulation progress only in 
a single stage without the blade, to focus on triangle 
strut. 

B. Meshing & processing 

Meshing is a fundamental process in CFD 
simulation to define finite volume in the object. 
Figure 7 shows the 2D mesh structure in object 
simulation. Boundary condition set up at inlet, outlet, 
and wall. To make sure the quality of the mesh, 

Figure 8 shows graphic distribution from 0.2 to 1. 
The quality mesh is excellent because it is evenly 
distributed and using triangular/tetrahedral. The 
total of number elements is 11300. 

In this research, CFD simulation used ANSYS 
Fluent package. The object is simulated under the 
steady-state condition and the turbulent model used 
is k epsilon. The turbulent flow regime is subsonic. 
The reference pressure is 1 atm and the wind 
velocity is 6 m/s. The flow regime is subsonic. The 
angle of wind direction varies from 0, 20, 40, and 60 
degrees. Firstly, the simulation process is carried out 
in a 2D object, before for comparison purposes, the 
simulation is run with the 3D object. 

III. Results and Discussions 

A. Results of the 2D strut 

Figure 9 shows the contour of the velocity vector 
and total pressure in a 2D object. From Figure 9a, the 
contour of the velocity vector at 0 degrees of wind 
direction did not distract the aerodynamic of the 
system. Maximum velocity of 12.55 m/s distracts the 
little area in the circle point of the strut. The triangle 
strut does not produce a big distraction to the 

 

  
(a) (b) 

Figure 5. (a) Initial triangle strut design; (b) Triangle strut design with blade turbine 

 

  
(a) (b) 

Figure 6. Multi-stage triangle strut: (a) isometry view; (b) top view 
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system aerodynamic. Furthermore, Figure 9b shows 
a small effect of the pressure. The inlet pressure is 
29.3858 Pa and the total pressure is 29.2293 Pa. 
From the data, the percentage of pressure loss is 

0.53 %. Table 1 presents the variation of pressure 
losses from different angles of wind. Small difference 
data between the inlet and total pressure in 2D 
simulation indicate that are good in the results. 

 
Figure 7. Mesh 2D structure of VAWT 

 

 
Figure 8. Quality of the mesh 

Table 1. 
Pressure losses at variations of degree in 2D 

No Angle of wind direction  
(Degree) 

Inlet total pressure 
(Pa) 

Total pressure 
𝑨𝒓𝒓𝒓 (Pa) 

Percentage of losses  
(%) 

1. 0 29.3858 29.2293 0.53 

2. 20 29.4473 29.3472 0.34 

3. 40 29.4216 29.2833 0.47 

4. 60 29.0955 28.9528 0.49 
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B. Results of 3D strut 

Figure 10 shows the velocity vector and total 
pressure in a 3D object. Figure 10a shows the 
contour of the velocity vector at 0 degrees of wind 
direction with the maximum velocity at 12.87 m/s. 
The triangle strut does not produce a big distraction 
of aerodynamic to the system, except in the little 
area of the strut. Furthermore, Figure 10b shows the 

small effect of the pressure, that is the Inlet pressure 
of 29.83 Pa and the total pressure of 29.63 Pa. From 
the data, the percentage of pressure loss is 0.67 %. 
Table 2 presents the variation of data of pressure 
losses from a different angle of wind direction. Small 
difference data between the inlet and total pressure 
in 3D simulation indicate that this is a good sign in 
the results. 

 
(a) 

 
(b) 

Figure 9. The contour of: (a) velocity vector; and (b) pressure in 2D object 

Table 2. 
Pressure losses at variations of degree in 3D 

No Angle of wind direction  
(Degree) 

Inlet total pressure  
(Pa) 

Total pressure 
𝑹𝑹𝑹 (Pa) 

Percentage of losses  
(%) 

1. 0 29.83 29.63 0.67 

2. 20 29.96 29.81 0.52 

3. 40 29.76 29.62 0.48 

4. 60 29.45 28.29 0.52 
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Table 3 shows data of pressure losses comparison 
between 2D and 3D of triangle strut. In the angle of 
wind direction, 0 degrees has a difference of 0.14 %, 
which shows that the data are close. Therefore, the 
data are correct in 2D or 3D simulation. When the 
angle is 20 degrees, it has a difference of 0.18 %, 
which shows that the data are also close. In the angle 

of wind direction, 40 degrees has a difference of 
0.01 %, this shows the data are almost similar. In the 
angle of wind directions, 60 degrees has a difference 
of 0.03 %, this shows the data are almost similar too. 
All of the comparison data have little difference and 
indicate triangle strut did not distract the 
aerodynamic of the VAWT system. 

 
(a) 

 

 
(b) 

Figure 10. The contour of: (a) velocity vector; (b) pressure in 3D object 

 
Table 3. 
Comparison of pressure losses 2D and 3D 

No Angle of wind direction  
(Degree) 

Percentage of losses 2D  
(%) 

Percentage of losses 3D  
(%) 

Difference  
(%) 

1. 0 0.53 0.67 0.14 

2. 20 0.34 0.52 0.18 

3. 40 0.47 0.48 0.01 

4. 60 0.49 0.52 0.03 
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IV. Conclusion 

In this research, a triangle strut design for multi-
stage VAWT is investigated using computational 
fluid dynamics (CFD) software. The main goal is to 
analyze the effect of triangle strut design on the 
aerodynamic VAWT system. From CFD simulation 
software, little distractions are surrounding the strut 
and did not affect the wind flow to the VAWT blade. 
At the angle of wind direction 0, 20, 40, and 60 
degrees, percentage of pressure losses are 0.67 %, 
0.52 %, 0.48 %, and 0.5 2 %. Therefore, triangle strut 
is suitable to be applied in multi-stage vertical axis 
wind turbine (VAWT). 
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