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Electrical power is essential for human beings welfare. The available wind as a clean 
and renewable source of energy has whetted extensive interest over decades. 
Savonius vertical axis wind rotor as an energy converter has the merit of being 
adequate for specific implementations owing to its lower cost and independency on 
wind direction. From this perspective, multiple studies have been conducted to boost 
its efficiency. This research work emphasizes on the helical Savonius wind rotor 
(HSWR). The basic objective is to investigate the impact of selecting the numerical 
model parameters on its aerodynamic and performance characteristics. Experimental 
tests were realized with a 3D printed HSWR in a wind tunnel. The experimental 
performances in terms of power, static and dynamic torque coefficients were 
addressed. Next, a numerical study was undertaken through Ansys Fluent 17.0 
software. Grid, turbulence model and rotating domain size tests were examined. Good 
accordance was obtained, which validated the numerical model with an averaged error 
of 5%. The maximum power coefficient proved to be equal to 0.124 at a tip speed ratio 
of 0.73 and 0.1224 at a tip speed ratio of 0.69, respectively, numerically and 
experimentally.  
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1.Introduction 
 

Currently, electrical energy has become an indicator of modern civilization. Fossil fuels presides 
energy sources used to generate electricity all over the world. Owing to its excessive use, the world 
has started suffering from its depletion with the emergence of several environmental problems. As 
a green, environmental friendly and renewable source of energy, the wind energy has been invested 
as an alternative to fossil fuels [1-3]. Wind turbines are identified as wind energy converters and 
multiple designs have been elaborated over decades. 
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Known for their low cost of installation and maintenance, their independency on wind direction, 
vertical axis wind turbines (VAWT) proved to be adequate for specific implementations. Among the 
VAWT, Savonius turbines display numerous merits: having the cheapest as well as the simplest design 
with a significant self-starting torque and independence to wind direction. However, its efficiency 
remains poor. Relying upon the literature review, the classical Savonius wind turbine has drown 
extensive interest. Indeed, researchers have conducted much researches to improve its efficiency 
through the optimization of its geometrical parameters. The amount of studies looking at 
computational approaches has expanded recently. With this regard, Akwa et al., [4] investigated the 
overlap ratio defined by the ratio between the overlap distance and the blade chord with the 
intention of the Savonius rotor performance betterment. They studied numerically the effect of five 
overlap ratios ranging from 0 to 0.6. They found an optimum value of 0.15 which corresponds to a 
maximum power coefficient of 0.316 at a tip speed ratio of 1.25. Roy et al., [5] studied six overlap 
ratios varying from 0 to 0.3 on a single stage Savonius wind turbine to investigate the overlap ratio 
effect on the static torque. With an overlap ratio higher than 0.2, the static torque decreased for the 
tested velocities. Zhao et al., [6] depicted the effect of the aspect ratio on a two bladed helical 
Savonius rotor. They putted to test numerically five aspect ratios varying from 1 to 7. They found that 
the rotor having an aspect ratio equal to 6 was the optimum one with an improved power coefficient 
of 0.21 but with a reduced rotating speed. Jeon et al., [7] investigated numerically the effect of the 
end plates addition on the torque and the power coefficients of a 180° twisted Savonius rotor. The 
studied rotors were taken, respectively, without end plates, with only lower end plate and with both 
upper and lower end plates. To show the effect of the end plate size and shape, they varied the ratio 
between the end plate area to the cross sectional area. The end plates size affected the maximum 
output power coefficient which increased with the rise of end plate size. Thus, the upper and lower 
end plates with circular shape were found the optimum design that improved the efficiency of the 
studied helical Savonius rotor by 36% at a wind velocity of 10 m.s-1 over the non-end plates design. 
Zheng et al., [8] carried out a numerical study for modified Savonius rotor with four, five and six 
blades. They found that the maximum power coefficient was equal to 27.14%, 28.493% and 30.564% 
at a rotating speed equal to 17.206, 16.265 and 18.369 rpm, respectively for four, five and six bladed 
rotors. The efficiency of the modified Savonius rotor increases with the increase of the blades 
number. Thus, the six-bladed design was found the optimum. Kothe et al., [9] treated a helical 
Savonius rotor with 180° twist angle. They numerically compared it to a two-stage conventional one 
keeping the same parameters. The helical rotor processed more with higher power coefficient and 
more stable torque and with less variation. Lee et al., [10] investigated the performance of a two 
bladed helical Savonius rotor at different twist angles of 0°, 45°, 90° and 135° ,respectively, under the 
same aspect ratio and projected area. The power coefficient and the torque coefficient were 
evaluated both numerically at different tip speed ratios. With regard to the power coefficient, it 
occurred its maximum value of 0.13 at a twist angle of 45°. However, for the 90° and 135° twist 
angles, the power coefficient was lower even than 0°. For the torque coefficient, the maximum values 
of 90° and 135° were less important than 0° and 45°. In fact, beyond 90° the torque coefficient 
became more stabilized and constant in terms of its variation for different azimuth angles. Under the 
same conditions, some prominent blade shapes of Savonius wind rotor have been studied by Alom 
et al., [11] to evaluate their performances. The tested rotors have, respectively, semi-circular, 
Benech, modified-Bach and elliptical blade shapes. According to the two-dimensional unsteady 
simulations, the elliptical shape provided the highest maximum power coefficient of 0.34 over the 
modified Bach (0.304), the Benech (0.294) and the semi-circular (0.272) at a tip speed ratio of 0.8. 
Tian et al., [12] introduced the optimization of the Savonius rotor by acting on the ellipcity of both 
concave and convex side of the rotor blade. With a suitable sizing study, they found an optimal design 
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that gave a maximum power coefficient of 0.258 which is 4.41% higher than the conventional design. 
In the same context, a CFD investigation was carried out by Syahreen et al., [13] to assess the 
performance of a Savonius wind turbine with a novel blade shape design. The wind speed impact was 
studied. An improvement of 20 % was recorded with the novel design over the classical elliptical 
Savonius wind rotor. Besides, a new model of Savonius wind turbine was numerically examined by 
Sohib et al., [14] through the addition of tubercles at the level of the rotor blades. With an 
improvement of up to 46.15 %, the new turbine model fitted with tubercles outperformed the 
baseline model. The flow visualizations revealed decreased wake diameters, which indicate less drag 
and ultimately results in a better performance when compared to the baseline model. Mohamed et 
al., [15] shielded a portion of the returning blade of a Savonius wind rotor with both two and three 
blades using a deflecting plate through the use of CFD simulations. They discovered that it enhanced 
the capacity for self-starting resulting in a positive static moment for all angular locations. For the 
two and three-bladed rotors, respectively, the shielding obstacle gave an increase in the maximum 
power coefficient of 27.3% and 27.5%. The addition of an air deflector made of a pair of curtains 
placed in front of a two-bladed Savonius wind rotor was investigated numerically by Maldonado et 
al., [16]. They discovered that it enhanced the incoming velocity by up to 32% subsequently the rotor 
outputs were improved. 

A scrutiny of researches addressing the HSWR finds a dearth of studies that handle their 
optimization. In view of the complex geometry of its blades, the HSWR has not been thoroughly 
deciphered and the majority of investigations were restricted to the conventional form. As previously 
stated, computational methods were employed to analyze the performance of Savonius wind rotor. 
The selection of the numerical model parameters is a delicate and necessary task to be relevant. As 
far as our work is concerned, the basic objectives are to assess the performance of a HSWR and to 
investigate the numerical model parameters effect on it namely the grid sensitivity, the turbulence 
model and the rotating domain size. Experimental tests were undertaken on a 3D printed HSWR 
putted in a wind tunnel. A numerical study was realized through 3D transient simulations investing 
the CFD Ansys Fluent 17.0 software.  
 
2. Experimental method 
2.1 Turbine Layout and Fabrication 
 

Referring the geometrical complexity of the HSWR, 3D printing technology was used as a 
manufacturing process. Initially, the tested rotor was designed using Solidworks software (Figure 
1(a)). Afterwards, the digital model was fed into a 3D printer, which employed 1.75 mm diameter of 
PLA filament as its primary material. After completing all layers development, the HSWR became 
ready for experiments (Figure 1(b)).  

The major components of the investigated rotor comprise two blades mounted over a shaft 
without gap distance using lower and upper end plates. The rotor design parameters were selected 
with regard to the literature researches and the potential of the used 3D printing machine. The 
overall geometrical parameters are depicted in Table 1.  
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(a) (b) 

Fig. 1. HSWR (a) Digital model (b) 3D printed model 

 
Table 1 
Geometrical parameters of the studied HSWR 
Parameter Value 

Rotor diameter, D 160 mm 
Rotor height,  H 200 mm 
End plate diameter,  De 165 mm 
End plate thickness 4 mm 
Shaft diameter,  s 10 mm 
Number of Blades 2 
Blade chord,  d 80 mm 

Blade thickness  2 mm 
Blade twist angle,  ψ  90° 
Overlap distance,  e 0 mm 
Blade portion,  P 48.5 mm 

 
2.2 Wind Tunnel 
 

The wind tunnel illustrated in Figure 2 was used to conduct experimental tests to recognize the 
investigated rotor aerodynamic features. It mainly consists of a drive section, a collector, a test 
section, a diffuser and a settling chamber used to make the airflow straight. The shape of the test 
section, in which the HSWR is placed, is a parallelepiped with a width of 0.4 m and equal height and 
a length of 0.8 m where wind velocity ranges between 0 and 9 m.s-1. The air speed is controlled by 
varying the frequency of the ventilation fan of the vacuum cleaner mounted in the settling chamber. 
A hot wire anemometer AM-4204 was used to measure the air velocity. 

 

 
Fig. 2. Wind tunnel  
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2.3 Experimental Approach 
 

The present experimental study is concerned with HSWR. It was to put the proposed rotor in the 
middle of the test section. Two ball bearings were fixed on either side to ensure the axis rotational 
guidance and to support the rotor. At a chosen velocity (U∞) equal to U∞=9 m.s-1 corresponding to a 
Reynolds number (Re) equal to Re= 9.8×104, the incoming wind force generates the blade rotation 
and then a rotating power is getting as a result. A static and a dynamic approach were planned. 

For the static approach, and relative to the wind direction, for each angular position ranging from 
0° to 360° in a step of 10°, the HSWR was blocked and the static torque Ts was evaluated with the use 
of a static digital TQ-8800 torque meter as shown in Figure 3. 

 

 
 Static approach instrumentsFig. 3.  

 
For the dynamic approach, for a fixed air velocity equal to U∞=9 m.s-1 relating to Re=9.8×104 

Reynolds number, the rotation of the examined HSWR was braked with the application of loads. In 
this respect, the rotor was gradually loaded and the rotor rotational speed (Ω) as well as the dynamic 
torque (T) were recorded for each load. Ω was estimated with the use of a CA-27 digital tachometer 
model and T was computed through the use of a dynamic torque meter in digital format. Indeed, the 
corresponding instantaneous torque was exhibited on the computer interface through the installed 
software EMPEROR. The needed experimental apparatus are portrayed in Figure 4. 

 

 
Dynamic approach instruments .Fig. 4 

 
 

1) Dynamic torque meter sensor 
2) Digital Torque meter display 
3) Digital Torque meter display 
4) Tachometer 
 

1) Static torque meter sensor 
2) Static torque meter digital   
display 
3) Gradual disk 
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3. Numerical Method 
 

The Computational Fluid dynamics (CFD) have been invested to settle the fluid flow issues in 
multiple applications for years [17-23].  In the current study, three-dimensional transient simulations 
were performed applying the ANSYS FLUENT 17.0. The wind flow modelling around the examined 
rotor relies on resolving the Navier-Stokes equations that regulate it [24-26]. 

 
3.1 Computational Domain and Boundary Conditions 
 

Resting upon ANSYS Design Modeler, the computational domain was generated and the 
necessary boundary conditions were identified as recorded in Figure 5. The computational domain 
branched out into two sub-domains. A steady one stood for the test vein. A rotating one stood for 
the cylindrical domain characterized by a rotating domain diameter (Dr) equal to Dr= 1.1D. This last 
contained the investigated HSWR. An interface was set to border both domains. Concerning the 
boundary conditions, a velocity of U∞= 9 m.s-1 was defined as an inlet upstream. Downstream, an 
atmospheric pressure was defined as an outlet.  

 

 
Fig. 5. Computational domain and boundary conditions 

 

To choose the convenient diameter of the rotating domain, a rotating domain size effect study 
was investigated. Indeed, four domains as shown in Figure 6 with a cylindrical form and characterized 
by diameter sizes equal to Dr=1.1 D, Dr=1.4 D, Dr=1.8 D and Dr=2.2 D were putted in test. The choice 
of the suitable diameter is based on the comparison between the numerical findings related to each 
one of them with the elaborated experimental results.  

 
 
 
 

 

 
 

 

 

 
 

(a)  (b)  (c)  (d)  

=2.2 DrD(d)  =1.8 DrD(c)  =1.4 DrD(b)  =1.1 DrD(a)  Rotating domains putted in testFig. 6.  
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3.2 Grid Generation 
 

The computational domain is imported to the ANSYS meshing interface. Due to the complex 
geometry of the HSWR, an unstructured mesh with tetrahedral elements was used for the overall 
domain. Indeed, a mesh refinement was realized wherein the size of the generated mesh was 
progressively increased until the computational results didn’t undergo a significant alteration. The 
simulations were realized with four grid sizes named coarse, medium, fine and extra fine having 
260,000, 570,000, 880,000 and 1.3 million nodes, respectively. Figure 7 evinces the four generated 
grids. Finer mesh was created in the rotating zone compared to the steady region. To capture the 
rapid variations of the aerodynamic characteristics around the HSWR, it was recommended to create 
fine mesh near the rotor walls sufficiently: boundary layer mesh. Thus, 20 prismatic layers were 
created at the level of boundary layers and especially at the rotor blades.  

The suitability of the generated mesh depends on the choice of the distance of the first mesh 
node from the rotor walls (yn). y+ is the appropriate parameter to estimate yn based on Eq. (1). The 
accurate value of y+ depends on the turbulence model walls law. As the SST k-ω model was used 
under this study, an y+ almost equal to 1 was associated. Twenty prismatic layers with 1.2 growth 
rate were generated.  

 

t nρu y
y =

μ

+                                                                                                                                                        (1) 

 

Where ρ is the air density (kg.m-3), tu is the friction velocity (m.s-1) and μ  is the viscosity of the fluid 

(Pa.s). 
A grid sensitivity study was done so that the generated chosen mesh gives a good prediction and 

an agreement with the elaborated experimental results. 
 

 

 

 

 
(a)  (b)  
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(c)  (d)  

Fig. 7. Generated grids (a) Coarse (b) Medium (c) Fine (d) Extra fine 

 
3.3 Turbulence Model and Solver Settings 
 

The flow surrounding the HSWR is naturally turbulent. For these criteria, transient simulations 
were carried out. A suitable time step (Δt) was chosen following Eq. (2). 

 

t


 =


                                                                                                                                                             (2)  

 
Where  the HSWR is shaft angular position (rad) and Ω is the HSWR rotational speed (rad s-1). 

The time step chosen in this study corresponded to 1° rotation of the HSWR. 50 was the number 
of iterations taken per time step so that the wind flow was readjusted and renewed until being 
stabilized. Calculations were done for six complete rotor revolutions. The consistent state of the flow 
was obtained after four revolutions. The details were so saved from the fourth cycle. To reach the 
convergence, the values of the obtained results for each iteration should be closer to the previous 
one. In fact, relaxation factors are necessary to amortize the solution from the previous one so that 
the stability is reached. They were set equal to 0.3 for the pressure, 0.8 for the momentum, the 
turbulent kinetic energy and the turbulent dissipation rate, and 1 for the turbulent viscosity and the 
body force. The momentum, turbulence and continuity residuals values were settled equal to 10-5 to 
monitor the convergence. 

The resolution of the fluid dynamics problems is based on the Reynolds-Averaged Navier-Stokes 
equations.  Finite Volume Method was used to discretize them. The convective terms as well as the 
temporal ones were discretized using the Second order Up-wind scheme. The SIMPLE scheme (Semi-
Implicit Methods for Pressure-Linked Equation) was used to infer the relation between the pressure 
and the velocity in the overall domain.  

The Navier-Stokes governing equations according to a Newtonian fluid are prescribed under two 
equations: the continuity expressed in Eq. (3) and the momentum expressed in Eq. (4). 
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( )i

i

u
0

t x

 
+ =

                                                                                                                                                
 (3) 

 
Where t is the time (s) and ui is the velocity component defined in the xi coordinate direction xi=(x,y,z). 

 

( ) ( ) ( )' '
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F
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+ = − +  + −  + +             

                                  (4) 

 
Where p is the pressure (Pa) and Fi is the external forces applied (N). 

The components of the Reynolds stress tensor are expressed mathematically through Eq. (5).  
 

j' ' i
i j t ij

j i

uu 2
u u k

x x 3

 
− =  + −   

   

                                                                                                               (5) 

 
Where μt is the turbulent viscosity (Pa.s), xi, xj are the Cartesian coordinate, k is the turbulent kinetic 
energy (Pa.s) and ij is the Chronecker indices. 

Four turbulence models the Standard k-ε, the RNG k-ε, the Realizable k-ε and the SST k-ω were 
putted to test under this study to show the effect of the turbulence model on aerodynamic and 
performance characteristics of the HSWR and then to select the one that gives a good accordance 
with experimental results. 

The Shear Stress Transport SST k-ω model was selected for the current simulations. Many 
researchers have demonstrated its good capability to modelize the wind turbines and its good ability 
to predict the flow patterns [27-30]. In fact, the SST k-ω model combines the accuracy and the 
robustness of the k-ω model in the near wall regions with the free flow of the k-ε model in the far 
wall regions.  
The turbulence kinetic energy (k) is expressed as follows:  
 

( ) ( )
( )i t i i i

t ijk

i i k j j j

k u k u u u2
grad k 2 k k

t x x x x 3 x


         

+ = + +   −   −    
        

                           (6) 

 
The specific dissipation rate (ω) is written as follows: 
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                     (7) 

 

Where μ is the dynamic viscosity (Pa.s) and β*, β2, k ,
 ,1
 ,

 ,2
  and γ2 are the constants of the SST 

k-ω turbulence model. 
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4. Experimental Results  
 

The performance traits of the wind turbines are determined by the static torque coefficient (CTs) 
as a function of the angular position (Ɵ) and the dynamic torque coefficient (CT) and the power 
coefficient (Cp) as a function of the tip speed ratio (λ).  

Using Eq. (8), the static torque coefficient is calculated. It reflects the self-starting criteria of the 
HSWR. 

 

s
Ts

2

T
C

1
R A U

2


=



                                                                                                                                          (8) 

 
Where Ts is the static torque (N), ρ is the air density (kg.m-3), R is the HSWR radius (m), U∞ is the 
incoming wind velocity (m.s-1) and A is the projected area calculated as follows: 
 

A DH=                                                                                                                                                            (9) 

 
Where D and H are the diameter and the height of the rotor (m), respectively. 

The tip speed ratio, the torque coefficient and the power coefficient are calculated based on Eq. 
(10), Eq. (11) and Eq. (12), respectively. 

 
R

U


 =                                                                                                                                                          (10) 

 

T
2

T
C

1
R A U

2


=



                                                                                                                                        (11) 

 

p TC C=                                                                                                                                                        (12) 

 
Where R stands for the HSWR radius (m), Ω expresses the rotor rotational speed (rad.s-1), T 
represents the dynamic torque (N). 

The static torque is often used to describe the starting feature of the HSWR. Figure 8 shows the 
CTs versus the angular position for the tested rotor. As it is clear, the variation of the static torque 
coefficient is periodic having a 180° cycle. The static torque coefficient increases gradually until 
reaching its peak. The highest CTs take the value of 0.161 for Ɵ=100°. For the rest of the cycle, the 
static torque coefficient decreases to attain its minimum at Ɵ=180°. The maximum value of CTs is 
derived from a maximum quantity of the air that attacked the concave side of the HSWR blade at the 
corresponding angular position. However, its minimum value is inferred from the force of the air 
which did not properly move to the concave side of the blade at the corresponding angular position. 
As the graph only indicates positive and important values of CTs, then the studied HSWR highlights a 
good starting ability. 

The experimental power and torque coefficients for the studied HSWR are highlighted 
respectively in Figure 9(a) and Figure 9(b). Departing from Figure 9(a), the highest value of the power 
coefficient (Cp,max=0.1224) is recorded at λ=0.69. Above it, Cp drops. In terms of the torque 
coefficient, its maximum value (CT,max=0.214) is found at λ=0.42. Referring to this value, CT decays 
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even with the increment of λ. In this regard, the more loads are applied, the more the rotation of the 
helical rotor is inhibited and the more the produced torque rises. 

 

 
Fig. 8. Static torque coefficient versus azimuth 

 

 
 

(a)  (b)  

           Fig. 9. Performance characteristics (a) Power coefficient (b) Torque coefficient 
 

5. Numerical Model Choice and Validation 
5.1 Rotating Domain Size Effect 
 

The torque coefficient of the HSWR in the last revolution was chosen as an output parameter to 
show the effect of the rotating domain size. Figure 10(a) depicts the effect of the rotating domain 
diameter Dr on the torque coefficient at λ=0.73. From these results, it is clear that the choice of the 
rotating domain influences the evolution of the torque coefficient. In fact, its averaged value 
increases with the increase of Dr and subsequently the error is increased. Figure 10(b) evinces a 
comparison, in a range of tip speed ratio varying from 0.4 to 1.2, between the elaborated 
experimental power coefficients and the numerical ones for the tested rotating domains. From these 
findings, the increase of the rotating domain size is accompanied with an increase in the rotor power 
coefficient. A good agreement between the experimental power coefficient and the numerical one 
relative to Dr=1.1 D was found. In these conditions, the error is arround 5%. However, the error 
becomes more importatnt while increasing the rotating domain. Its maximum value is recorded for 
Dr=2.2 D. Thus, the rotating domain with Dr=1.1 D is the choosen one. 
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(a)  (b)  

Fig. 10. Effect of the rotating domain size on the HSWR performance (a) Torque coefficient (b) Power 
coefficient 

 
5.2 Grid Sensitivity Effect 
 

As for the grid sensitivity study, for a fixed rotating domain equal to Dr=1.1 D, four grid sizes called 
extra fine, fine, medium and coarse having 1.3 million, 880,000, 570,000 and 260,000 nodes, 
respectively, were assessed. Figure 11(a) foregrounds, at λ=0.73, the influence of the grid sensitivity 
on the torque coefficient. The torque coefficient relative to the coarse and the medium grids are out 
of step in comparison with those of the fine and the extra fine, which appears to be close to each 
other. The coarse and the medium grids are so dismissed. Figure 11(b) enacts a comparison between 
experimental and numerical power coefficients for the tested grids for an interval of λ varying from 
0.4 to 1.2. The fine and the extra fine grids go in good accordance with the experimental results. The 
error compared to the experimental power coefficient is more remarkable for the coarse and the 
medium grids. The more the nodes number increase the more the error decreases and the numerical 
predicted results get closer to experimental ones. As a matter of fact, in order to spare time 
calculation, the fine mesh was selected with an average error of 5% in comparison with experimental 
findings.  
 

  
(a)  (b)  

Fig. 11. Effect of the generated grid on the HSWR performance (a) Torque coefficient (b) Power coefficient 
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5.3 Turbulence Model Effect 
 

With regard to the turbulence model study, for a fixed rotating domain equal to Dr=1.1 D, four 
turbulence models namely the Standard k-ε, the RNG k-ε, the Realizable k-ε and the SST k-ω were 
assessed. Findings are outlined in Figure 12. According to Figure 12(a), it is obvious that the torque 
coefficient relative to the SST k-ω and the Realizable k-ε turbulence models are extremely close. Yet, 
the RNG k-ε and the standard k-ε are far away from them. Figure 12(b) evinces a comparison between 
experimental and numerical power coefficients for the tested turbulence models for an interval of λ 
varying from 0.4 to 1.2. A good consistency between the experimental power coefficient and the 
numerical ones is inferred from the SST k-ω and the Realizable k-ε models. The gap seems more 
significant for the standard k-ε and the RNG k-ε.  Resting on those results, and since the SST k-ω has 
been the most convenient model for multiple scientists in aerodynamic areas, it was chosen with an 
average error of 5% compared to the experimental results. 

 

 
 

(a)  (b)  

Fig. 12. Effect of the turbulence model on the HSWR performance (a) Torque coefficient (b) Power 
coefficient 

 
5.4 Numerical Model Validation and Aerodynamic Characteristics 
5.4.1 Numerical model validation 
  

The superposition of the experimental and the numerical power coefficients for the HSWR are 
summarized in Figure 13. It is clear that the adopt numerical model with the selected parameters 
investigated above proved to be in line with the elaborated experimental findings with an average 
error equal to 5%. Next, the numerical model was validated and became relevant for examining the 
HSWR performance betterment. 
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Fig. 13. Validation of the numerical model 

 
5.4.2 Aerodynamic characteristics 
 

Figure 14 displays, at λ=0.73, the distribution of the investigated HSWR magnitude velocity in the 
longitudinal planes defined, respectively, by z=0.097 m and y=0 m. It is quite clear that it is uniform 
upstream the HSWR with a value of U=9 m.s-1 as defined in the inlet boundary condition. Around the 
rotor, it goes down. A stagnating point lies on the returning blade convex side. In fact, the rotor acts 
as an obstacle in front of the incoming wind flow which leads to a deceleration in the surrounding 
area. The maximum velocity region lies on the advancing blade attack point. It achieves U=21.57 m.s-

1. This fact is associated with the lift force produced there which is responsible of the HSWR rotation. 
The velocity distribution highlights also the appearance of vortices on the concave side of both 
advancing and returning blades. It relies with the air flow passage from one blade to the other while 
the rotor rotates. A deceleration zone is recorded downstream the rotor, which is deflected up 
referring to the centrifugal force created with the rotor rotation. Getting far from the rotor, the 
velocity goes down and then rises gradually. As a result, a wake phenomenon is introduced. 

 

 
   (a)      (b) 

Fig. 14. Magnitude velocity (m.s-1) distribution (a) z=0.097 m (b) y=0 m 

 
Figure 15 presents the total pressure distribution in the longitudinal planes defined, respectively, 

by z=0.097 m and y=0 m at λ=0.73. Upstream, a high pressure zone is highlighted as the velocity there 
was weak. It is clear also that, the highest pressure zone (p=118.57 Pa) is found on the convex side 
of the returning blade. It is related to the drag force created there. Moreover, the lowest pressure 
zone is found on the concave side of the advancing blade (p=53 Pa). As a result, the returning and 
the advancing blades of the HSWR display different pressure distribution. The difference in terms of 
pressure is what causes the rotor to rotate anti-clockwise. Downstream, low pressure zone with a 
value around p=20 Pa is evinced. It is related to wake phenomenon as the velocity there starts to 
increase gradually. 
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   (a)      (b) 

Fig. 15. Total pressure (Pa) distribution (a) z=0.097 m (b) y=0 m 

 
Figure 16 plots the distribution of the turbulent kinetic energy (k) in the longitudinal planes 

defined, respectively, by z=0.097 m and y=0 m at λ=0.73. The turbulent kinetic energy, upstream the 
rotor, is nearly negligible as the velocity there is very weak. It rises slightly around the HSWR and 
exhibits a higher-value zone at the advancing and the returning blade attack points. As a matter of 
fact, more wind energy is produced there derived from higher-value of velocity caused by the lift 
force generation. Downstream the rotor, a considerable rise is detected associated with the wake 
phenomenon stated previously. Maximum turbulent kinetic energy value proves to be equal to k= 
7.71 J.kg-1. 

 

 
   (a)      (b) 

Fig. 16. Turbulent kinetic energy (J.kg-1) distribution (a) z=0.097 m (b) y=0 m 

 
Figure 17 shows the distribution of the turbulent viscosity around the HSWR in the longitudinal 

planes defined, respectively, by z=0.097 m and y=0 m at λ=0.73. It is obvious that the turbulent 
viscosity is very low upstream the rotor. It becomes slightly remarkable at the rotating domain. The 
turbulent viscosity increases around the rotating domain and shows more zones in front of the 
concave side of both the advancing and the returning blades. Downstream away from the rotor, 
zones highlighting maximum value of the turbulent viscosity became more and more remarkable. 
The more the flow is turbulent the more eddies appear. In fact the turbulent flow can be considered 
as an irregular eddy. The air velocity at each point of the computational domain is occurring 
continuously changes in direction and magnitude due to the fluctuations. Getting away from the 
rotor, there is a flow wake creation. 

 

 
   (a)      (b) 

Fig. 17. Turbulent viscosity (Pa.s) distribution (a) z=0.097 m (b) y=0 m 

 
Figure 18 shows the turbulent intensity distribution for the HSWR in the longitudinal planes 

defined, respectively, by z=0.097 m and y=0 m at λ=0.73. Upstream, the turbulent intensity seems to 
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be weak. Approaching to the rotating domain, it is noticed that the turbulent intensity increases and 
shows more zones in front of the concave side of both the advancing and the returning blades. 
Downstream, a remarkable high turbulent intensity zone appears with a symmetrical aspect (Figure 
18(b)). In fact, the flow becomes more turbulent due to more vortices formation there which causes 
more detected viscosity resulting in a deficit in the velocity values introducing so the wake of the flow 
downstream.  

 

 
   (a)      (b) 

Fig. 18. Turbulent intensity distribution (a) z=0.097 m (b) y=0 m 

 
6. Conclusion 
 

Under this study, experimental and numerical tests were performed to assess the efficiency as 
well as the feasibility of a HSWR. The investigated rotor was created relying upon 3D printing 
machine. Experimental tests were conducted in wind tunnel having a test section market with a 
uniform air flow velocity of U∞=9 m.s−1. The maximum experimental power coefficient Cp,max=0.1224 
was recorded at λ=0.69. The numerical study was run using Ansys Fluent 17.0 software. Grid, 
turbulence model and rotating domain size tests were undertaken. 

It was proven that the grid structure and size, the turbulence model as well as the size of the 
rotating domain have an effect on the computational findings. With regard to the grid choice, the 
selected one was chosen to have an important number of cells with good accuracy and time saving. 
For the turbulence model, the SST k-ω was selected with respect to the previous works provided in 
the literature and for the good agreement shown with the elaborated experimental results. Finally, 
the selected rotating domain was chosen as it gave good agreement and improves the numerical 
findings compared to the others. Under these conditions, the numerical model with the selected 
parameters was found in agreement with the elaborated experimental findings with an average error 
equal to 5%. The maximum numerical power coefficient Cp,max=0.124 at λ=0.73. 

The undertaken research work could provide with deeper insights into the aerodynamic features 
of the air flow of a helical Savonius wind rotor for the benefit of both engineers and designers with 
the objective of promoting its performance. 
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