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ABSTRACT 
A numerical analysis of a rooftop vertical axis wind turbine 
(VAWT) for applications in urban area is presented. The 
numerical simulations were developed to study the flow field 
through the turbine rotor to analyze the aerodynamic 
performance characteristics of the device. Three different blade 
numbers of wind turbine are studied, 2, 3 and 4, respectively. 
Each one of the models was built in a 3D computational model. 
The effects generated in the performance of turbines by the 
numbers of blades are considered. A Sliding Mesh Model 
(SMM) capability was used to present the dimensionless form 
of coefficient power and coefficient moment of the wind 
turbine as a function of the wind velocity and the rotor 
rotational speed. The numerical study was developed in CFD 
using FLUENT®. The results show the aerodynamic 
performance for each configuration of wind turbine rotor. In the 
cases of Rooftop rotor the power coefficient increases as the 
blade number increases, while in the case of Savonius rotor the 
power coefficient decrease as the blades number increases. 

 
K eywords: Wind energy, rooftop turbine, vertical axis wind 
turbine, torque coefficient and power coefficient. 
 

1. INTRODUCTION 
In the last years, the renewable energy sources have 

acquired a great interest in the area of electric power 
generating. Due to growing concern to reduce the effects of 
climate change, such as global warming, generated by 
extensive and deliberate use of fossil fuels, mainly in the 
electric power generating and transport. The wind power is one 

of the renewable energy sources most attractive to meet the 
production and demand of electric energy on commercial and 
industrial applications, since it is a clean, economic and 
renewable energy source with a great availability in the 
environment. 

The wind turbines are devices used for electric energy 
generation from wind kinetic energy. These turbines can be 
classified into two main classes, which are horizontal and 
vertical axis. Currently, the most wind power systems consist in 
the uses of horizontal axis wind turbine (HAWT). These 
turbine require complicated structure that are difficult to install 
and maintenance, are economically valuable only in areas 
where the permanent winds and high speeds are available. The 
HAWT provide a greater efficiency due to the high rotation 
speed. However, they are not necessary for all purposes. 

On the other hand, in an urban environment the speed and 
direction wind are always changing. In these conditions, the 
vertical axis wind turbines (VAWT) can be used more 
effectively within the urban areas to increase the electrical 
power generation capacity to small-scale. Unlike horizontal 
axis turbine, the vertical axis turbines are made up of simple 
structure, the rotation speed is low and torque is high. Also, 
these turbines are independent of the wind direction [1]. 

The numerical and experimental study of aerodynamic 
behavior of the vertical axis wind turbines has been a topic 
widely studied in literature, both static and dynamic conditions 
of the wind turbine rotor. Ushiyama I. et al. [2], Sheldahl RE. et 
al. [3], Alexander AJ. et al. [4], Modi VJ. et al. [5] y Mojola 
OO. et al. [6 and 7] have developed studies about this topic 
experimental and numerically. These studies are mainly 
focused on the aerodynamics effects generated by different 
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implementation and modifications to the geometric parameters 
of the Savonius rotor, such as the variation of rotor aspect ratio, 
the number of blade, the separation gap and the overlap 
between rotor blade and the profile change of the blade cross-
section. However, there is little information on other rotor 
geometry of the vertical axis wind turbine. 

On the other hand, the computational advances have 
allowed developing important numerical studies, analyzing the 
flow around the wind turbine rotor. Altan D.A. et al. [8 and 9] 
developed a numerical and experimental analysis of the effect 
caused by curtain systems on the low performance levels of the 
Savonius wind rotor in static conditions. Results show to 
increase the performance of the Savonius wind rotor, a curtain 
arrangement as a simple wind deflector has been designed and 
placed in front of the rotor with aim of preventing the negative 
torque. Having that the best performance has been obtained 
from curtain 1 at its position θ = 60º for the angles β = 15º and 
α  =  45º. K. Pope et al. [10] developed numerical and 
experimental studies to determine the operating performance 
and power output from a Zephyr vertical axis wind turbine. The 
3-D numerical predictions were based on the time averaged 
Spalart-Allmaras equations. Results show that the prediction of 
power coefficient (CP) obtained with the sliding mesh 
formulation was 0.111, having a 13.3% difference compared to 
the Multiple Reference Frame (MRF) prediction. 

Recently, D’Alessandro  V.  et al. [11] developed a 
numerical and experimental analysis of the aerodynamic 
behavior of Savonius wind rotor in dynamic conditions. In the 
numerical analyses was used a SMM (Sliding Mesh Model) 
approach available in the CFD code FLUENT. A mathematical 
model of the interaction between the flow field and the rotor 
blades was developed and validated by comparing its results 
with data obtained experimentally. 

The present study shows a numerical analysis focused to 
predict the aerodynamic behavior of a rooftop vertical axis 
wind turbine by mean the uses Sliding Mesh Model (SMM) 
approach. The result shows the power coefficient of rooftop 
and Savonius wind rotor. The numbers of blades are varied. 
The results are compared with data obtained from Savonius 
wind rotor. 

2. NUMERICAL ANALYSIS 
 
The generation of the model mesh, governing equation, 

assignation of the boundary conditions and solution 
formulations will be discussed in this section. In order to 
develop the CFD simulations the commercial software 
FLUENT 6.3.26 [12] was used. The considerations used in this 
study were: transient state, Newtonian fluid, rotating frame 
adaptation of the governing equation, RNG k-ε model.  

 
2.1 Governing Equations 

Since the cross-flow turbine rather slowly, the flow is 
governed by incompressible form of the Reynolds averaged 

Navier-Stokes (RANS). The governing equations for the flow 
fluid include the following equations 

 
Mass conservation 
 

𝜕𝜌
𝜕𝑡 +

𝜕
𝜕𝑥&

'𝜌𝑢)* + 𝜌𝑢´),,,,- = 0 (1) 

 
Momentum 
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(2) 

 
The momentum equation contains two additional terms, which 
are the Coriolis acceleration and the centripetal acceleration 
respectively. In this equation, 𝜔55⃗  is the angular velocity of the 
rotor domain and 𝑟 is the radial position from the origin of the 
rotating domain [12]. 
The viscous stress 'τAB,,,-CDD given by equation (2), is calculated 
as following: 
 

'𝜏)2,,,->?? =  𝜇>?? G
𝜕𝑢)*
𝜕𝑥<

+ 𝜕𝑢2*𝜕𝑥&
− 23 𝛿&<

𝜕𝑢J,,,
𝜕𝑥J

K − 𝜌𝑢)́𝑢2́,,,,, (3) 

 
The transport equations considerate for the turbulences 

quantities from RNG k-ε model are described by Equations (4) 
and (5). 
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(5) 

 
In these equations, 𝐺J represents the generation of turbulent 

kinetic energy due to the mean velocity gradients, the quantities 
𝛼J and  𝛼P are the inverse effective Prandtl numbers for k and ε, 
respectively. The effective Viscosity, µeff, is calculated by the 
combination of the turbulent kinetic energy (k) and the 
dissipation ratio (ε), 

 
2.2 G eometry 

Figure 1 shows the rotor geometry of the Rooftop and 
Savonius vertical axis wind turbine. In this figure can be seen 
the Rooftop and Savonius rotors with two bladed, three bladed 
and four bladed, which were analyzed in this study.
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a) b) c) 

F igure 1. Rooftop and Savonius rotors geometry with a) two bladed , b) three bladed and c) four bladed, respectively. 
 
In the Figure 2 can be seen a sketch of the geometrical 

variables of wind rotors. 
 

 
F igure 2. Sketch of the geometrical variables of wind rotor. 
 

In the Table 1 are present the geometrical variables of the 
two bladed, three bladed and four bladed wind rotors. 

 
Table 1. Geometric variables of the wind rotors. 

No. Blade 
D γ H 

(m) (deg) (m) 

Two 0.32 180 0.3 
Three 0.32 120 0.3 
Four 0.32 90 0.3 

 
where D is the rotor diameter and H is the rotor height. 

 
2.3 Computational grid 

Numerical simulations have been development using 
computational mesh generating in the preprocessor GAMBIT 
[13]. All grids were structured by mixed cells (hexahedral and 
prismatic elements). These grids are not uniform in all 
directions. For the grid used in the computational models, the 
mesh density is high in the near zone to the walls of the wind 
rotors. The Figure 3 shows the grid used in this study. This 
configuration of mesh was used for all wind rotors. 

D

r
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b) 

 
F igure 3. Computational grid of the VAWT. a) Rotating sub-
domain that include the rotor and b) stationary sub-domain or 
surrounding. 

 
In order to solve a 3D unsteady flow, sliding mesh model 

(SMM) was used. In this technique, the overall computational 
domain is divided into two sub-domains. For the wind rotor, a 
circular sub-domain containing the turbine blade rotates at the 
turbine rotational speed, while the remaining sub-domain 
exterior to the turbine blade is stationary. During the 
calculation, the turbine blade sub-domain slides relative to 
stationary sub-domain along the grid interface in discrete steps, 
and the unsteady Reynolds Average Navier-Stokes equations 
are solved in the moving coordinate system. At the sliding 
mesh interface between the rotating sub-domain and the 
stationary sub-domain, flow variables and their gradients are 
carefully interpolated so that mass conservation and accuracy 
of the numerical scheme are preserved [14]. 

The computational grids have a total of 1492912 mixed 
cells for a three-dimensional simulation, which 40% of this 
total corresponding to rotating sub-domain and 60% to the 
stationary sub-domain. In the Figures 3b can be seen that the 
stationary sub-domain presents a high quantity of hexahedral 
elements. 

 
2.4 Boundary conditions and physical proprieties of fluid 

The governing equations require the specification of 
boundary conditions at the inlet, outlet and wall due to elliptic 

nature of the equations. The boundary conditions applied in the 
computational model of VAWTs are presented in Figure 4. 

 

 
F igure 4. Boundary conditions in the computational model of 
the vertical axis wind turbines. 

 
In the Table 2 and Table 3 are summarized the boundary 

condition and physical proprieties of fluid, respectively. 
 

Table 2. Boundary conditions. 
Air flow inlet  
Velocity-inlet 5-8 [m/s] 
Turbulent intensity (Ti) 10 % [-] 
Hydraulic diameter (Dh) 0.6 [m] 
Air flow outlet  
Static pressure outlet 101325 [Pa] 
Backflow turbulent intensity (Ti) 12 % [-] 
Backflow hydraulic diameter (Dh) 0.6 [m] 
Walls tunnel  
Stationary (Motion condition)  
No slip (Shear condition)  
Walls rotor  
Moving relative to adjacent cell zone (Motion condition) 
No slip (Shear condition)  

 
Table 3. Physical proprieties of air flow. 

Density 1.225 [kg/m3] 
Viscosity 1.7894 e-05 [kg/m∙s] 

 
As mentioned above, one of the boundary conditions 

required in the sliding mesh model is an interface between 
rotating and stationary sub-domains in order to allow the 
transient prediction of the rotor interaction with the flow field. 
The Figure 5 presents the overall computational domain where 
the interface between rotating and stationary sub-domain is 
showed. 

 

 
F igure 5. Overall computational domain of the VAWTs. 

a)

Wind rotor
(Wall)

Stationary
sub-domain

Rotating
sub-domain

Sliding
interface

Wind rotor
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2.5 Rotor performance parameter 
Rotors of different sizes can be compared by performance 

parameter [15]. The performance parameters commonly used in 
the aerodynamics of wind turbine are normally expressed in 
dimensionless form. These performance parameters are the 
moment coefficient and the power coefficient, which are 
calculated as following: 
 

𝐶U = 𝑀
1
2𝜌𝑈YS 𝐴𝑟

 (6) 

  

𝐶[ =
𝑃

1
2𝜌𝑈Y] 𝐴

 (7) 

 
where A = D•H is the frontal rotor area. The performance 
parameters were evaluated as function of the dimensionless 
parameter tip-speed ratio, which is calculated as following: 
 

𝜆 = 𝜔𝐷
2𝑈Y

 (8) 

 
The equations (6) and (7) can be related by the following 
equation: 
 

𝐶U = 𝐶[
𝜆  (9) 

 
2.6 Computational method 

The aerodynamic performance of a Rooftop and Savonius 
wind axis vertical turbines with different blade number was 
realized using the commercial code FLUENT® version 6.3.26 
[12]. This code allows to solve the Reynolds averaged Navier-
Stokes and the transport equations of the turbulences quantities. 
The RNG k-ε turbulence model was derived from the 
instantaneous Navier-Stokes equations, using a mathematical 
technique called renormalization group [16]. This model has an 
additional term in dissipation ration (ε) equation that 
significantly improves the accuracy for rapidly strained flows. 
Also, the effect of swirl on turbulence is included, enhancing 
accuracy for swirling flow. The SIMPLE algorithm was used to 
link the velocity field and pressure distribution inside the 
computational models. This algorithm uses a relation between 
the velocity and pressure in order to satisfy the mass 
conservation, getting a velocity field. In the unsteady sliding 
mesh calculation, the time step taken was 1/160th of the wind 
rotor period, that is to say, 160 time step per revolution. 

All numerical simulations were realized applying the 
pressure-based solver, with this approach the governing 
equations (continuity and momentum) are solved 
simultaneously. Due to the governing equations are no-linear 
and coupled, several iterations were developed to reach the 
solution convergence per each time step. The algebraic linear 
equations system defined in FLUENT were solved with the 
Gauss-Seidel linear algorithm. The convergence criterion used 
in the iterative numerical scheme is established according to the 

computational software. Thus the Reynolds averaged Navier-
Stokes and the turbulence quantities equations reach the 
convergence when the residual has value of 10-5, while the 
conservation mass equation reaches the convergence with 10-6 
residual. Two computers were used to solve the models. Each 
computer is formed a processor i7 with 3.6 GHz and 12 GB in 
RAM. These equipments are connected in a parallel processing. 

3. RESULTS AND DISCUSSIONS 
The results show a comparison between numerical data of 

moment coefficient (Cm) as function of the angular position, to 
Rooftop and Savonius rotors. Also, it is presented the behavior 
of power curve and moment curve for the Rooftop and 
Savonius rotors, evaluated as function of the dimensionless 
parameter Tip-speed ratio (λ). The results are obtained for 
different numbers of blades. Finally, is showed the comparison 
of the maximum power curve obtained from Rooftop and 
Savonius rotors. 

 
3.1 Comparison with experimental data 

A qualitative comparison between the pressure distribution 
obtained numerically in this study and the pressure distribution 
obtained experimentally by Fernando M.S.U.K [17] was carried 
out to compare the external flow around the blade rotors. The 
basic blade shape and optimum blade parameters used by [17] 
are show in the Figure 6 and Table 4, respectively. 

 

 
F igure 6. Basic blade shape and the associated parameters. 

 
Table 4. Optimum blade parameters. 

Parameter Description Value 
a/D non-dimensional blade gap-size 0 
b/D non-dimensional overlap 0 
p/r Blade shape parameter 0.2 
η blade arc angle 135 º 

 
They measured the pressure distribution on the two bladed 

Savonius rotor. The pressure measurements were made at 46 
pressures tapping on the blade rotor. The pressure was 
measured at 10º intervals form 0º to 360º. The numerical and 
experimental data of static pressure were normalized by mean 
of pressure coefficient given by equation (10), which is 
calculated as following: 

D

r

r p
b

b
p r

r

a/2

a/2

d

η

η
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𝐶` =
(𝑝& − 𝑝Y)
1
2𝜌𝑈YS

 (10) 

 
where pi is the static pressure measured at the ith point and p∞ is 
the static pressure at infinity. 

The Figure 7 shows the comparison between the numerical 
and experimental pressure distribution at the midspan of the 
blade rotor at flow angle 30º. In the front side of blade rotor, 
the numerical results show to agree with experimental results 
for a distance along surface from 0 to 0.72. In this section, the 
average difference is 3% respect to experimental data, at range 
of variation of 0.7 to 35%. Then numerical and experimental 
results show difference. 

On other hand, it can be seen that the pressure distribution, 
corresponding to numerical data on the back side of the blade 
rotor, it is agrees with the experimental data, having an average 
difference of 2.5% at range of variation of 2 to 45%. 

 

 
F igure 7. Comparison of pressure distribution around the blade 
rotor. 

 
3.2 Moment coefficient as function of angular position 

Figures 8 and 9 showed the moment coefficient for two 
bladed, three bladed and four bladed rotors as function of the 
angular position for both rotors. In the case of two bladed 
Rooftop  rotor,  the  moment  coefficient  decrease  from  θ  =  0º 
rotor angle reaching its minimum value  at  θ  =  90º, which 
become negative. It  then  increases  up  to  θ = 170º reached its 
maximum value. Then the behavior becomes periodic, having a 
period each 180º rotor angle. For the case of three bladed 
Rooftop rotor, the maximum value of moment coefficient is 
reached at  θ = 10º  reaching  its maximum.  Its minimum value 
occurs at θ = 55º. This periodic behavior has a period each 120º 
rotor angle. In the case of four bladed Rooftop rotor, the 
moment coefficient increase from θ = 0º to θ = 25º reaching its 
maximum  value.  It  then  decrease  up  to  θ  =  60º  reached  its 
minimum value. Then the periodic behavior has a period each 
90º rotor angle. 

 
F igure 8. Variation of moment coefficient (Cm) for two bladed, 
three bladed and four bladed Rooftop rotors. 

 
In the case of two bladed Savonius rotor, the moment 

coefficient increase rapidly from θ = 0º to θ = 40º reaching its 
maximum  value.  It  then  decrease  suddenly  up  θ  =  80º,  then 
continues decrease smoothly from θ = 80º to θ = 110º reached 
the minimum value, which become negative. Then the periodic 
behavior has a period each 180º rotor angle. In the cases of 
three bladed and four bladed rotors present the same behavior, 
with increment and decrement smoother, as compared with the 
two blades Savonius rotor. For three bladed Savonius rotor the 
maximum  values  is  reached  at  θ  =  35º,  while  that  the  four 
bladed Savonius rotor reach its maximum value at θ = 40º. The 
minimum values for three bladed and four bladed Savonius 
rotors  occurs  at  θ  =  80º  and  θ  =  70º,  respectively.  The  three 
bladed Savonius rotor has a period each θ = 120º, while that the 
four  bladed  Savonius  rotor  has  a  period  each  θ  =  90º  rotor 
angle. 

 

 
F igure 9. Variation of moment coefficient (Cm) for two bladed, 
three bladed and four bladed Savonius rotors. 
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Also can be seen in the Figure 8 and 9 that the period per 
turbine rotor revolution increase as the numbers of blade 
increase, while that amplitude decrease as the number of blade 
increases. This behavior is similar in both rotors. Comparing 
the results show in the Figures 8 and 9, it is possible observe 
that Rooftop rotors produce an initial moment coefficient large 
that  Savonius  rotors  at  θ  =  0º  rotor  angle. This effect on the 
behavior of the moment coefficient may be due to the triangular 
geometry of Rooftop rotor. Allows the vortices are generated 
between the blades of Rooftop rotor. This allows increase the 
efficiency of energy extraction, due to addition of lift force to 
drag force that acts on the blade rotor. 

 
3.3 Moment coefficient as function of tip-speed ratio 

Figures 10 and 11 showed the moment coefficient for two 
bladed, three bladed and four bladed rotors as function of the 
dimensionless parameter tip-speed ratio. In the Figure 10 are 
showed the results obtained from Rooftop rotors. In general, the 
moment coefficient decrease nearly linear as the tip speed ratio 
increases. In the case of the two bladed Rooftop rotor, the 
moment coefficient become negative around λ = 0.88, while 
that in the case of three bladed Rooftop rotor become negative 
around λ = 0.96. Also, it can be seen that the magnitude of 
moment coefficient increases as the numbers of blade increases. 
For the case of three bladed Rooftop rotors the moment 
coefficient increases at 30% as compared with two bladed 
Rooftop rotors. While that in the case of four bladed Rooftop 
rotor the moment coefficient increases at 35% as compared 
with two bladed Rooftop rotors. 
 

 
F igure 10. Variation of moment coefficient (Cm) for two 
bladed, three bladed and four bladed Rooftop rotors. 
 
The effect to have an increase in the moment coefficient as the 
blade number increases, in the cases of Rooftop rotor, may be 
due to that a bigger amount of flow volume is captured, 
between blades turbine rotor. 

Figure 11 shows the results obtained from Savonius rotors. 
According to the results, each rotor has a different behavior in 
specific range of tip speed ratio of wind turbine rotor in 
proportion of the other rotor. In the case of two bladed 

Savonius rotor it has a moment coefficient lower than three 
bladed and four bladed Savonius rotors in low tip speed ratio. 
While to values greater than λ = 0.32 of tip speed ratio, two 
bladed Savonius rotor offers a moment coefficient greater then 
three bladed and four bladed Savonius rotors. 

On the other hand, in the case of two blade Savonius rotor, 
moment coefficient increases smoothly as the tip speed ratio 
increase up to λ = 0.34. It then starts decrease linear as the tip 
speed ratio continues increase, become negative around λ = 0.9. 
For the case of three bladed Savonius rotor, moment coefficient 
decrease suddenly as the tip speed ratio increases up to λ = 
0.21. Then continue decreases smoothly up to λ = 0.5. Finally, 
decrease nearly linear as the tip speed ratio increases. Which 
become negative around λ = 0.82. In the case of four bladed 
Savonius rotor, moment coefficient decrease nearly linear as 
the tip speed ratio increases, become negative to λ = 0.7, 
approximately. 

 

 
F igure 11. Variation of moment coefficient (Cm) for two 
bladed, three bladed and four bladed Savonius rotors. 

 
Unlike to Rooftop rotor, in general, the moment coefficient 

obtained from Savonius rotors decreases as the blades number 
increases. This behavior may be due to semi-circular geometry 
of blade rotor, having that negative moment increases as the 
blades number increases, thus decreases the performance of 
turbine rotor. 

 
3.4 Power coefficient as function of tip-speed ratio 

Figures 12 and 13 showed the power coefficient for two 
bladed, three bladed and four bladed rotors as function of the 
dimensionless parameter tip-speed ratio. In the Figure 12 are 
showed the results obtained from Rooftop rotors. It can be seen, 
that magnitude of power coefficient decrease as the number of 
bladed increases. For the case of four bladed Rooftop rotors the 
power coefficient increases at 30% as compared with two 
bladed Rooftop rotors, while that in the case of three bladed 
Rooftop rotors the power coefficient increases at 25% as 
compared with two bladed Rooftop rotors. The power 
coefficient has its maximum value around λ = 0.58, λ = 0.6 and 
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λ = 0.6 for the case of two bladed, three bladed and four bladed 
Rooftop rotor. 

 

 
F igure 12. Variation of power coefficient (CP) for two bladed, 
three bladed and four bladed Rooftop rotors. 

 
Figure 13 are shows the results obtained from Savonius 

rotors. Unlike to Rooftop rotors, magnitude of power 
coefficient from Savonius rotors decreases as the number of 
bladed increases. For the case of four bladed Rooftop rotors the 
power coefficient decreases at 34% as compared with two 
bladed Rooftop rotors, while that in the case of three bladed 
Rooftop rotors the power coefficient increases at 16% as 
compared with two bladed Rooftop rotors. The power 
coefficient has its maximum value around λ = 0.5, λ = 0.56 and 
λ = 0.4 for the case of two bladed, three bladed and four bladed 
Rooftop rotor, respectively. 

 

 
F igure 13. Variation of power coefficient (CP) for two bladed, 
three bladed and four bladed Savonius rotors. 

 
In general, all rotors present a similar power coefficient in 

the range of tip speed ratio smaller that λ = 0.2. 
 

3.5 Comparison of power coefficient 
In order to compare the results obtained from Rooftop and 

Savonius rotors that offer the maximum power coefficient was 

created the Figure 14. For this were considered the 
configurations with four bladed and two bladed rotors, which 
offers the better aerodynamic performance in the case of 
Rooftop and Savonius rotors, respectively. 

 

 
F igure 14. Comparison of power coefficient (CP) obtained to 
four bladed Rooftop and two bladed Savonius rotors. 

 
Comparing the results obtained, it is possible to observe that 

four bladed Rooftop rotor has greater power coefficient than 
two bladed Savonius rotor in low and high tip speed ratio 
(ranges from 0.1 to 0.24 and 0.64 to 1 of tip speed ratio, 
respectively) In a mid-range of tip speed ratio, from 0.24 to 
0.64, two bladed rotor offer better performance as compared 
with four bladed Rooftop rotor. 

 
4. CONCLUSIONS 
 
In the present work, a numerical study was developed, 

getting the effect generated by the numbers of blade in the 
aerodynamic performance of Rooftop vertical axis wind 
turbine. The main conclusions are: 

 
 The behavior of the flow around the Savonius rotor present 

a good agree to experimental results [17] on the front and 
back sides of the blade rotor, Figure 6, which allows having 
a trust major the result obtained with the computational 
models. 

 The number of period per rotor revolution increase as the 
numbers of blade increases, while that amplitude of 
moment coefficient decrease as the numbers of blade 
increases. In both Rooftop and Savonius rotor. 

 Rooftop and Savonius rotors have a period per rotor 
revolution each 180º, 120º and 90º rotor angle for the cases 
of two bladed, three bladed and four bladed rotors. 

 The average coefficients of power and moment increase as 
the numbers of blade increases in the cases of Rooftop 
rotor. On the other hand, the average coefficient of power 
and moment decrease as the numbers blade increases in the 
cases of Savonius rotors. 
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 The configurations with four bladed and two bladed rotors 
offer the better aerodynamic performance in the cases of 
Rooftop and Savonius rotors, respectively. 

 At low tip speed ratio, all rotors present a similar 
aerodynamic performance. At high tip speed ratio Rooftop 
rotors have greater power coefficient than Savonius rotors. 

5. FUTURE WORK  
In a later work, the analysis of the aerodynamic 

performance varying the separation gap and the overlap 
between rotor blade overlap between blades in the numerical 
models of Rooftop rotors must be developed. Also, it is going 
to be implement a UDF based on C language to predict the 
aerodynamic performance of vertical axis wind turbine that 
allow computed the fluid-solid coupling. 

NOMENCLATURE 
  

A Frontal rotor area [m2] 
a Blade gap-size [m] 
b Blade overlap [m] 

C1ε Constant [--] 
C2ε Constant [--] 
Cp Pressure coefficient [--] 
CP Power coefficient [--] 
c Axial chord length of the blade [m] 
D Rotor diameter [m] 
Dh Hydraulic diameter [m] 
d Shaft diameter [m] 
Gk Turbulent kinetic energy generation 
H Height of the wind rotor [m] 
M Aerodynamic moment [N∙m] 
P Power [W] 
p Length of the straight line portion [m] 
pi Static pressure at the ith tap [Pa] 
p∞ Static pressure at the infinity [Pa] 
r Rotor radius [m] 
Ti Turbulent intensity [%] 
Rε Additional term in dissipation ration 
ui Velocity vector [m/s] 
U∞ Free stream velocity [m/s] 
x Axial length [m] 

 
G reek Symbols 

  
α Position angle for curtain a [º] 
αk Inverse effective Prandtl number by k 
αε Inverse effective Prandtl number by ε 
β Position angle for curtain b [º] 
γ Angle between blade rotor [º] 
δij Kronecker delta 
ε Dissipation rate [m2/s3] 
η Blade circular arc angle [º] 
θ Angular position [º] 
κ Turbulent kinetic energy [m2/s2] 
λ Tip speed ratio [--] 

μ Viscosity [kg/m∙s] 
μeff Effective viscosity [kg/m∙s] 
ρ Density [kg/m3] 

(τij)eff Viscous stress tensor 
ω Angular velocity 
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