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Abstract — The flow field of vertical axis wind turbines is a typical unsteady separated flow. Many factors affect the aerodynamics 
of vertical axis wind turbines, with rotor rigidity being one of the key factors influencing their performance. Based on the sliding 
grid technique and commonly used numerical aerodynamics model for wind engineering, the paper uses numerical simulation for a 
3 blade vertical axis wind turbine to analyze the change rule of aerodynamic performance and it’s flow field under different rotor 
rigidity. We verify that the flow field has different distribution characteristics when the rigidity is different. Vertical axis wind 
turbines have high power factor and better performance at the start when the rotor solidity is about 3.5. 
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I. INTRODUCTION  

 
In recent years, vertical axis wind turbines had received 

much attention for it’s much merits such as low starting wind 
speed, simple transmission, easy maintenance, long service 
life, low wind speed, weak wind area to obtain good 
economic benefits and so on. Especially in remote 
mountainous areas, pastoral areas and other non power zone 
and city lights and other fields, the application of vertical 
axis wind turbine was very widely. But the research level of 
the vertical axis wind turbines was not as mature as the 
horizontal axis wind turbines. People had accumulated less 
technology on aerodynamics, structural mechanics, etc. So it 
was very necessary to carry on the thorough research to the 
vertical axis wind turbine.  

For the vertical axis wind turbines, the key factors to 
determine the aerodynamic performance was still the 
impeller. The ratio of the sum of the projected area of the 
impeller to the rotating plane and the swept area of the wind 
turbine was one of the key parameters which affect the 
aerodynamic performance and structure design of the vertical 
axis wind turbine. 

In recent years, many scholars at home and abroad have 
carried out extensive research on the aerodynamic 
performance of vertical axis wind turbine and its influencing 
factors. Some scholars such as Islam and Paraschivoiu 
studied in the structure design and flow field characteristics 
of vertical axis wind turbine. Ferreira had optimizated the 
numerical model of vertical axis wind turbine by comparing 
the results of wind tunnel test and numerical calculation. Guo 
Zhiping and Yang Congxin analyzed the aerodynamic 
characteristics of vertical axis wind turbine by Matlab and 
wind tunnel test individually. Although many researchers 
had made some achievements on the research of the 
aerodynamic performance of the vertical axis wind turbine, 
but few scholars have made a deep research on the influence 

of the rotor solidity to the aerodynamic performance of the 
vertical axis wind turbines. 

In this paper, by studying the variation of aerodynamic 
performance of wind turbine impeller in different rotor solid, 
we tried to provide some technical reference for the 
development of vertical axis wind turbine using numerical 
calculation method and sliding mesh. 

II. NUMERICAL SIMULATION 

A. Aerodynamic model of vertical axis wind urbines 

Figure 1. was the structure of H type vertical axis 
wind turbines.  

 

 

 

 

 

 
 
 
 
 
 
 

Fig. 1  Structure diagram of H type vertical axis 
 

           The wind turbine was composed of three parts, a 
vertical blade, a bracket and a rotating shaft. The blades 
rotated around the spindle under the driving of the wind，
and the rotating torque was transferred to the vertical shaft. It 
cause the blades to rotate and produce the mechanical energy 
to generating a current through a generating device. 
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B. Geometric parameter 

The calculation of aerodynamic performance and flow 
field characteristics for vertical axis wind turbines was 
applied fluid dynamics commercial software FLUENT to 
solve the N-S equation. The blades using NACA0018 airfoil 
with good symmetry，and the initial installation angle was 6 
degrees. Its geometric features were shown in Figure 2 .  

 
 

Fig. 2  NACA0018 airfoil geometric parameter 
 

The turbine had the following parameters: 
turbine radius   2m 
blade  height   4m 
blade  number   3 

        blade chord    0.252m 

When the inflow wind speed smU /8 , the Reynolds 

number was calculated from 

5106.3Re  


 cU

                     (1) 

Rotor solidity was calculated from 

35.0



r

cn                                (2) 

tip speed ratio was calculated from 




U

r                                      (3) 

where  

ρ was the air density， U was the inflow wind speed，

c was the blade chord，μ was the air viscosity，n was the 
blade number，r was the turbine radius，ω was the angular 
velocity of wind wheel rotation  

C. Computational domain and mesh generation 

According to the working characteristics of the vertical 
axis wind turbine, the blades rotating in a counter clockwise 
direction, and the rotating process of the wind turbine was 
shown in Figure 3. In order to study the problem, in the X-Y 
plane, the center of the rotating shaft was the origin, and the 
whole rotation field was divided into 4 quadrant.  

Computational domain and the generation of grid were 
the key of the numerical calculation. The calculating model 
and dividing mesh were built by the FLUENT pre-
processing software GAMBIT. The computation domain of 
the whole flow field was divided into the external flow area 
Z1, center rotation area Z2 and internal flow area 
Z3.Spencifically, Z1=10r, Z2=1.2r, and Z3=0.8r.The overall 
computational domain was shown in Figure 4. 
 
 
 

 

 
Fig. 3  Schematic diagram of rotating process of wind turbine. 

 

 
Fig. 4  Global calculation domain of wind turbine 

 

To improve the accuracy and speed of numerical 
calculation, it setting the speed inlet and free flow as the 
initial condition, and the grid was divided into unstructured 
meshes, the boundary between the interface was defined as 
interface, the airfoil rotating field was set to the sliding mesh, 
and the airfoil domain rotation around into the grid 
encryption processing. After the grid independence test, the 
number of grid in the final calculation domain was 215537, 
and the number of the rotating field is 146600. The grid 
around the airfoil was shown in Figure 5.  

 

Fig. 5  Airfoil mesh division 
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D. Turbulence model 

The turbulence model was used with the modified SST 
k-ω two equation turbulence model, velocity and pressure 
coupling by using the simple algorithm, the momentum 
equation by bounded central differencing(BCD) discrete 
format, turbulent viscosity using a second-order upwind 
scheme. According to different tip speed ratio, the time step 
was adopted to calculate the unsteady calculation. To reduce 
the flow field of wind turbine blade acceleration at initial 
stage the larger time step was adopted in the initial 
calculation, then gradually reduce the time step of each 
calculation. To achieve the accuracy of numerical solution, 
calculation process requirements that per iteration of all flow 
parameters to achieve the convergence of the corresponding 
format.  

III. CALCULATION RESULT ANALYSIS 

A. Example verification 

In order to verify the accuracy and reliability of the 
calculation model, the variation of torque coefficient with tip 
speed ratio in a rotating period was obtained by numerical 
calculation as shown in figure 6.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6  Calculation results of torque coefficient  

          to the wind turbine with rotation angle 

 

Figure 6. showed that in the process of blade rotation, 
the torque coefficient was parabolic periodic variation 
because of the different tip speed ratio and the constant 
change of the angle. This was consistent with the results 
obtained by the combination of Matlab and experiments with 
Yang Congxin et al. In a rotating period, when the one blade 
was in -90° to 90°range, it would produce higher torque 
coefficient, but the other two blades produce less torque. 
With the rotation of the blades, the lift force and the moment 
decrease gradually. At the same time, another blade 
gradually entered the -90° to 90 °range, and it’s lift 
coefficient increases gradually. The working of the blades 
repeated the last working procedure. So the wind turbine has 

three approximation waves in a rotation period. Analysis of 
single blade, it could produce torque in all the position 
beside at 0 °and 180°angle. It is in full compliance with the 
working principle of the vertical axis wind turbine under 
wind force.  

B.  Calculation result analysis 

In order to study the influence of the real degree on the 
aerodynamic performance of the vertical axis wind turbine, 
we obtained the variation curves of the power factor Cp with 
the tip speed ratio of the vertical axis wind turbine when the 

rotor solidity respectively as 30.01  , 35.02   and 

30.03  ,It was displayed in Figure7. 

 
Fig. 7  The change curve of the power factor of  

            the wind turbine with the tip speed ratio  

 
The figure 7. showed that when the rotor solidity of the 

vertical axis wind turbine was a fixed value, there exists an 
optimal tip speed ratio made the power factor of wind turbine 
was in the high efficiency range. With the increase of the 
rotor solidity, the optimum power coefficient gradually drift 
in the reduce direction of the tip speed ratio. 

When the 35.02  ，the power factor of the vertical 

axis wind turbine reached to the maximum. It proved that 
increases the rotor solidity of the vertical axis wind turbine 
properly, which can effectively improve the performance of 
the start rotating .at the same time, but it would lead to the 
range of high efficiency tip speed ratio get narrowing. On the 
contrary, when the rotor solidity decreases, the maximum 
output torque of the blade became larger, and the wind 
turbine has a wide range of efficient tip speed ratio. Thus, to 
capture more wind energy, make more accurate control and 
adjustment of the wind turbines, we should master and 
understand for further knowledge about the rotation process 
of commercial winds turbines, and determine the rotor 
solidity of the wind turbine according to the actual 
conditions. 
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C. Analysis of flow field characteristics  

 
To further understand the effect of the rotor solidity on 

the aerodynamic performance of the vertical axis wind 
turbine, it is very important to master the law of the flow and 
improve the efficiency of the wind turbine through analysis 
of the characteristics of wind turbine flow field. Previously, 
researchers mainly through the wind tunnel experiment to 
know the aerodynamic characteristics of wind turbine and its 
influencing factors. In recent years, with the rapid 
development of computing technology, through the 
numerical simulation to analyze and understand the 
performance of the wind turbine becomes easy. 

Many researchers through the numerical calculation 
based on the fluid analytical to study of the aerodynamic 
performance of vertical axis wind turbines, and got a lot of 
valuable opinions and conclusions. It has a significant 
important influence to promote the development of wind 
turbine aerodynamic. 

Figure 8. to Figure 10. showed the velocity distribution 
cloud picture of three bladed vertical axis wind turbine in 
different azimuth when the U∞=8m/s, λ=3.5, and rotate 
speed ω=36 r/min. 
 

 
（ ）a σ=0.35 

 
b） σ=0.40 

Fig. 8   Wind turbine rotating domain velocity distribution at 30º azimuth. 
 
 

  

（ a） σ=0.35 （ b） σ=0.40 
Fig. 9 Wind turbine rotating domain velocity distribution at 60º azimuth. 

 
 

 
a） σ=0.35 

 
（ b） σ=0.40 

Fig. 10   Wind turbine rotating domain velocity distribution at 120º azimuth

 
 
 
 
 

 
We can seen from the Fig.8 that in the rotation process 

of vertical axis wind turbine, with the change of leaf position, 
the wake of the upwind side blade had a greater impact on 
the inlet conditions of the downwind side blades. There were 
obviously low velocity zone and intense turbulence in the 
rotating area of the wind. This trend was more obvious with 
the increase of tip speed ratio. Especially, When the blade 1 
was located in 30°azimuth (Figure 8), the blade 3 just in the 
wake of the rotation axis. Because of the relative position 
was near, there was a strong wake effect also. When the 
blade 1 was located in 60°azimuth (Figure 9), the blade 3 
just in the wake of the blade 1. Because the relative distance 
of the blades was less, there were more interfere and disorder 
in the internal flow field. This also shows that when the 
vertical axis wind turbine wind wheel radius was smaller, the 
rotor solidity would increases, and the wind speed inlet the 
wind turbine internal flows would weaken. These reasons 
lead to the change of attack angle of the air flow to the blade, 
and the air flow away from the angle of attack that made the 
blade could produce high rotation torque, resulting in the 
reduction of the efficiency of the wind turbine. Eventually it 
would lead to lower efficiency of the wind turbine. 

The effect of the rotor solidity on the efficiency of the 
vertical axis wind turbine was also reflected in the change of 
the air velocity on the surface of the blade. When the wind 
flow through the vertical axis wind turbines，the wind speed 
calculation results were showed as Figure 11. 

 

 
Fig. 11   Change of wind speed of flow through vertical axis wind turbine  

 
Figure 11. showed that when the natural wind flowing 

through the surface of the vertical axis wind turbine, the flow 
speed obvious decreased, especially the x/y was in -1 to 1, 
the wind speed has a larger decline. And with the increase of 
the rotor solidity, the decline had a certain degree increased.  

It shows that with the smaller the radius of the wind 
turbine, the rotor solidity becomes larger, and the wind speed 
through the wind turbine would be de decline. It lead to the 
attack angle of the air flow to the blade became smaller, and 
the air current was separated from the range of attack angle 
which could produce high rotation torque. Reduce the 
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efficiency of wind turbine. Eventually it leads to the 
reduction of the efficiency of wind turbines.  

IV. CONCLUSIONS 

 
Rotor solidity has a great influence on the aerodynamic 

performance of the vertical axis wind turbine. When the rotor 
solidity was larger, the resistance of the wind turbine to the 
wind speed increases, and the airflow tends to flow around 
the outside of the rotating surface of the vertical axis wind 
turbine instead of passing through the inside of the wind 
turbine, which leads to the decrease of wind speed that into 
the inner side of the turbine, the output of downwind side 
turbines would decrease, and the unit efficiency would 
decline. When the rotor solidity was lesser, the start-up 
performance of the wine turbine became poor, and the wind 
turbine start-up became difficulties. 

The research showed that when the rotor solidity of 
vertical axis wind turbine was about 0.35, it had a better 
overall performance. And when the rotor solidity was a 
certain value, there was an optimal tip speed ratio made the 
wind turbine at the highest efficiency.  
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