
Journal of Applied Engineering Science

383

Original Scientifi c Paper

* Department of Mechanical Engineering, Merdeka University, Malang – Indonesia. Jl. Terusan Raya Dieng 62-64, Malang,
  Indonesia 65146, rudy.hariyanto@unmer.ac.id

doi:10.5937/jaes16-17189                                                                         Paper number: 16(2018)3, 543, 383 - 390

CFD STUDY ON THE ABILITY OF A VENTILATED BLADE IN 
IMPROVING THE SAVONIUS ROTOR PERFORMANCE

Rudi Hariyanto1*, Sudjito Soeparman2, Denny Widhiyanuriyawan2, Mega Nur Sasongko2  
1Department of Mechanical Engineering, Merdeka University, Malang – Indonesia 
2Department of Mechanical Engineering, Brawijaya University, Malang – Indonesia                                                                      

This study aims to overview the ability of ventilated blades to improve the performance of the Savonius rotor based 
on CFD simulation. Rotor performance is analyzed by static torque, pressure profi le, a airfl ow profi le and vortex area. 
The boundary conditions for all simulations use the assumption that the wind speed is 5 m/s and the environmental 
pressure is 1 atm or 101325 Pa. The CFD simulation results have strengthen the published experimental results. 
Ventilation with the 5% gap width of blade diameter (the SV05 model) gives the best performance. Static torque of 
SV05 model is 23.8% higher than the conventional Savonius (SC) rotor. Based on pressure and airfl ow profi le of 
CFD simulation results, ventilation on the blade can add the mass fl ow rate of air and make the lift force work early 
on rotating angle of 0o and 165°. Ventilation  on  the blade also able to  improve  the critical condition and vortex area 
as seen in the SC rotor. This is shown by a static torque from the CFD simulation results. The static torque value of 
the SV05 rotor are 69% and 73% higher than the SC rotor at the 165° and 0° rotation angle.
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INTRODUCTION

Rotor Savonius with ventilated blades or the ventilated 
Savonius (SV) rotor is a new innovation found by Rudi 
Hariyanto in 2016. Experimentally, the SV rotor was able 
to improve the effi ciency of the SC rotor by 32% [1]. Ven-
tilated blades do not change the basic shape of the ro-
tor Savonius. The design of the Savonius windmill still 
has a very simple rotor construction so the manufacture 
and maintenance is easy. The blades can even be made 
from a split drum. The Savonius windmill is particularly 
suitable in areas with low wind speeds and is suitable for 
areas with fl uctuating wind speeds [2].
Many researchers have attempted to improve the effi -
ciency of Savonius windmill. There are researchers who 
focus on obtaining the optimum geometry of Savonius 
rotor. Variations in the number of blades, aspect ratio, 
end plates and overlap [3-5]. There is research that fo-
cuses on the modifi cation of blade form, Kamoji [6]  has 
been researching fi shing rod or hook blades. Savonius 
rotor with hook-shaped blade is able to increase Cp from 
conventional rotor savonus by 3%. Saha and Rajkumar 
[7] examined the use of twisted blades on a Savonius ro-
tor. The twisted blades can improve the effi ciency 2.62% 
higher than the SC rotor that have semicircular blades.
In addition to experimental research, numerical simula-
tion programs are also increasingly used in the Savonius 
rotor research. Numerical simulation programs are able 
to predict fl uid fl ow profi les. So that numerical simula-
tion programs can be used to predict the types of losses 
that occur in airfl ow during rotating of the blades. Thus 
a numerical simulation program can help researchers in 
designing research to reduce the loss of the fl uid fl ow.
As an example of a numerical simulation program is 

Computational Fluids Dynamic (CFD) simulation. CFDs 
program is widely used to strengthen the analysis of the 
experimental research. Nakajima [8]. Gupta et al. [9], 
Yaakob et al. [10] and Sukanta R. [11] utilize the CFD pro-
gram to fi nd out how the width gap between the blades or 
overlap on the effi ciency of Savonius turbine. JL Menet & 
N. Bourabaa [12] and Thong, Z. & Dietmar R., [13] use a 
CFD program to simulate windmill characteristics based 
on the fl uid fl ow profi le and wind pressure distribution 
passing through conventional Savonius blades.
Alesandro et al. [14] and several other researchers pres-
ent graphs from rotating angles vs Ct results from the 
CFD simulations. The shape of the graph is similar to 
the Kamoji’s graph [9] although the research variables 
studied differ. Savonius rotor has the smallest torque on 
the rotation angle on 150° – 165°.  Rudi Hariyanto et 
al. [15] used CFD simulation to determine the effect of 
vortex on the Savonius’s rotor performance. The results 
showed that the vortex is inversely proportional to Savo-
nius's rotor torque.. The lowest torque is generated when 
the vortex has the largest diameter on the rotation angle 
of 165°.
This paper aims to study the ability of ventilated blades 
especially the SV05 model in improving the performance 
of Savonius rotor based on CFD simulation. CFD simula-
tion results are expected to be able to show if the making 
of fi xed ventilation on Savonius blades will add the mass 
fl ow rate of air that worked on the concave surfaces of 
the blades. The ventilation on Savonius blades will make 
the lift force work early on the blade and  improve  a  
critical  position  on  the SC rotor. For futher, this paper 
will present a comparison between changes in airfl ow 
profi le, torque and pressure distribution on SC rotor and 
SV05 rotor. The change in the airfl ow profi le that rotates 
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the blade will explain why the ventilated blades of the 
SV05 model can improve the effi ciency of the SC rotor 
by 32%.

TURBULENCE MODELING

Basically, the fl ow fi eld around a blade of rotor model is 
highly turbulent like a result of research from Rudi Hari-
yanto et al. [15]. Thus, the main features of turbulence 
must be considered while choosing the computational 
technique to solve of a turbulent fl ow over the rotor mod-
el. Therefore, the selection of the turbulence model plays 
an important role for obtaining the desired computational 
results. Fluent simulation program for Savonius rotor can 
use the k-ε turbulence models standard. K-ε turbulence 
model of the standard has been able to provide an accu-
rate simulation results.  The use of standard k turbulence 
model has been observed in the investigations of Pope 
et al. [16].
The transport equation for (k-ε) Standard Model are as 
follows:

(1)

And

(2)
Where,
Gb is the generation of turbulence kinetic energy due to 
buoyancy;
YM is the contribution of the fl uctuating dilatation in com-
pressible turbulence with the overall dissipation rate, cal-
culated as described in Effects of Compressibility on in 
the k-ε Turbulence Models;
C1ε, C2ε and C3ε is constant each worth 1.44, 1.92, and 
0.09.
σk and σε turbulent Prandtl numbers for k and ε each 
worth 1 and 1.3.

RESEARCH METHODOLOGY

The modeling of ventilated Savonius rotor is carried out 
with the help of Mastercam modeling software. Figure 1 
illustrates the sectional geometry of simulated model of 
the ventilated Savonius rotor. The geometry of a simu-
lated model is made according to the size of themodel 
tested experimentally [rudi].  The simulatedmodel has 
the diameter of the blades or a semi-circle (d) = D/2, 
the blade thickness = 0.0015*D,  the width of overlap 
(e) = D/10 mm, the long side of the ventilation further 
pushed towards the blade (s) = 0,02 to 0,2).d and the 
width of ventilation (a) = 0,075*D. The computational do-
main of the rectangle (L*L) is taken as 0.5 m × 0.5 m. 
The axis of symmetry of the ventilation long side placed 
right at 15° from the outer end of the blade Savonius.

Figure 1: Cross-section 2D models of the 
ventilated Savonius rotor

Experimental study from a fl uid fl ow profi le and pressure 
distribution on the blade of Savonius rotor would require 
sophisticated equipment and are too expensive if done 
privately. Using simulation software can help to do a ma-
nipulation becomes easier and cheaper. In this study, 
two simulation models will be compared. Two models are 
one model of a ventilated Savonius rotor and the con-
ventional Savonius rotor model. The selected model of 
the ventilated Savonius rotor is the SV05 model which has 
the best performance of the experimental test results [1].
There are two methods for present the data analisys in 
this study. The fi rst method is to manipulate fl uid fl ow 
profi le and pressure distribution with the help of CFD 
code Fluent 13.0.  Fluent simulation programs have the 
option to provide some various models of turbulence k-ε 
containing formulations of transport for turbulence ki-
netic energy (k) and the rate of energy dissipation (e). 
The complete two-dimensional computational model in-
cludes an inner of rectangle containing the rotor model. 
The next step in the simulation effort is the generation of 
the computational mesh. Sizing of mesh use advanced 
size funtion on: curvature and proximate. Thus, two fl uid 
mesh sections are clearly noticeable.

Figure 2: Grid generation around blade of the 
rotor model
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Figure 2 show if the grid node density utilized in the blade 
domain was higher than in the other domains. Mesh near 
the surface of the blade look smaller in size than that 
around the rotor. This shows the speed gradient that oc-
curs on the surface of the blade has a very sharp angle. 
Set - up boundary conditions used in CFD simulation 
is the inlet v = 5 m/s (constant), outlet: pressure outlet 
= 101325 Pa (constant). The boundary conditions that 
used for all simulations are same as the simulation study 
of Rudi Hariyanto et al. [15] and the experimental study 
of Rudi Hariyanto et al. [1]. Solution method includes the 
scheme: semi - (simple), the momentum: order upwind 
second. In the fl uid fl ow analysis, the convergence crite-
rion use to solve the Navier-Stokes equation by iteration. 
Then the selected report of result is the static torque value.
The second method is to measure the vortex area using 
the Image-J program. In order to get credible and reliable 
data then set scale for the length of the line on each im-
age of the simulation results. Figure 3 shows the blade 
diameter of 10 cm which is the reference standard of the 
line length used to obtain the vortex area.

Figure 3: Set the length scale of the line with the 
Image-J program

RESULTS AND DISCUSSION

Effect of The Ventilation on Blade to a Static Torque

Figure 4 shows if the ventilation on the blade of the 
Savonius rotor able to improve a statis torque especially 
at 165° and 0o (180°) rotation angles.  The 165° and 0° 
(180°) rotation angles are the critical condition of the SC 
rotor. At the 165o rotation angle, the ventilated blades 
able to improve the SC torque between 169% -197% 
and at 0° (180°) rotation angle between 157% -189%. 
On both angles, the wider the gap of the ventilation in-
creases the greater torque. This show if Ventilation of SV 
models are able to make the lifting force that has been 
working at 165° rotation angle. Ventilation is able to ad-
vance the lifting force of the wind so that the wind is able 
to rotate the rotor before and during the rotation angle 
0° better.  It proves if the ventilation on the blade of the 

rotor models capable to improve a critical condition in the 
conventional Savonius.
From simulated result, the static torque average of all 
ventilated rotor is 1,4% - 23,8% higher than convention-
al Savonius. As for the SV20 model looks to have the 
static torque lower than the conventional Savonius for 
a 15° – 150° rotation angle. But the static torque aver-
age of SV20 is 101.4% higher than conventional Savo-
nius. Torque improvement by model SV20 at 165° and 
0° (180°) angle rotation angles are capable of covering a 
torque drop at 15° – 150°. The simulation result is identi-
cal to Cp from the published experimental result.

Figure 4:  Effect of ventilation gap of the Savonius 
blades on the static torque 

Ventilation on the blade is also capable of shifting the 
peak torque of the conventional Savonius from rota-
tion angle of 30° to 45°. At the rotation angle of 45°, the 
torque value of the conventional Savonius decreased by 
7%. The highest torque at 45° rotation angle generat-
ed SV05 model with value 24% higher than torque from 
conventional Savonius. The SV05 model is also capable 
of generating static torque larger than the SC model at 
every rotation angle. The CFD simulation result proved 
to strengthen the experimental results. Thus, the venti-
lation on the SV05 blades can improve the effi ciency of 
the Savonius rotor.
Pressure analysis on the concave surface of the Savo-
nius blade 
The concave side of the blade is the most important part 
of Savonius rotor for producing a positive force to rotate 
the rotor. The positive force is not only produced on the 
concave surface of the advancing blade (AB) but also on 
the concave surface of the blade (RB). Figure 5 show if 
the ventilation on the blades of the SV05 model is capa-
ble of providing increased wind pressure on the concave 
surface of advancing blade by 8% - 37% than the SC 
model at rotation angle of 135°-45°. In a critical position 
at 165° and 0°, the SV05 is able to produce wind pres-
sure 28% and 8% greater than the SC blade.



Journal of Applied Engineering Science  Vol. 16, No. 3, 2018
ISSN  1451-4117 

386

At rotation angle of 60° – 120°, the pressure value on 
the concave surface of AB SV05 is lower 0% - 6% than 
the SC model. This is due to the difference between the 
air pressure in front of the concave surface of the blade 
and around the rotor. The pressure on the AB's concave 
surface is greater than around the rotor. So in part of 
the air will fl ow out through the ventilation gap. Thus the 
wind energy used to drive the concave surface becomes 
smaller. The greatest fl ow losses occur at rotation angle 
of 90°. However, the average pressure produced by the 
Advance Blade concave surfaces of the SV 05 model 
is 17% larger than the SC model when the rotor rotates 
180 degrees.

Figure 5:  The pressure values on the concave surface 
of the blade of SC and SV

Figure 6:  Pressure distribution on the rotation angle of 0°
(A. SC model and B. SV05 model)

The interesting data result is the increase of pressure 
on the concave surface of the RB-SV05. The increase in 
pressure is 15% - 281%. The increase in mean pressure 
on the concave surfaces of the RB-SV05 model is 108% 
when the rotor rotates 180 degrees.
Figure 6 show if concave surface of the SV05 returning 
blades (no. 1) has pressure value greater than the con-
ventional Savonius. Ventilation on the SV05 blades can 
increase the wind pressure on both concave surface of 
the blades. This will certainly increase the positive force 
that works to rotate the rotor. If the wind velocity that 
passing through the blade surface is considered equal 
for of SC and SV05 models, then the mass fl ow rate at 
the SV05 blade surfaces are greater than the SC model. 
This means that the ventilation on the SV05 blade effec-
tively adds to the mass air fl ow rate that drives the blade 
at rotation angle of 135° – 45°.
In addition, the wind is also pressing on the convex 
surface of the blade and will produce a negative force. 
Based on the color indicates if the pressure in front of the 
convex side (No. 2) of the SV05 is lower than SC blade. 
Thus, the negative force on the SV05 blade (no 2) was 
smaller than the SC blade. This causes the SV05 rotors 
to rotate more easily than the SC rotor.
Streamline analysis on the concave surface of the Savo-
nius blade
Ventilations on the blade connect  two regions 
that have a different of air pressures. At the rota-
tion angle of 165°, the concave area of the blade 
has a lower pressure than the outside of the blade. 

Figure 7: The pressure and streamlines profi les at the rotation angle of 165°
(A. SC model and B. SV05 model)

Rudi Hariyanto, et al. - CFD Study on the Ability of a Ventilated Blade in Improving The Savonius Rotor Performance



Journal of Applied Engineering Science  Vol. 16, No. 3, 2018
ISSN 1451-4117

387

Based on the color, the value of the pressure in front of 
the concave area is negative because it is lower than 1 
atm in both SC and SV05 models. Through the ventila-
tion gap, the wind seemed to be sucked into the inside 
of the concave surface. The wind becomes concentrated 
in front of the ventilation gap and causes increased pres-
sure in the ventilation gap (no. 1). Figure 7 shows if the 
red color on the blade (no. 1) of SV05 model looks wider 
than the SC model.
Figure 7 also shows if the ventilation directs the wind so 
that the wind follows the concave surface of the the ad-
vancing (AB) and returning blades (RB). The number of 
streamlines in front of the concave surfaces of the return-
ing (no. 2) and advancing blades (no. 3) of the ventilated 
Savonius is seen more numerous and more dense than 
the conventional Savonius. The phenomenon is also 
shown by the results of CFD simulations for the rotation 
angle 135° – 45°. It shows if the mass fl ow rate of air in 
ventilated blade is greater than the conventional Savo-
nius at the rotation angle of 165°.
 Increased  mass fl ow rate of air  is able to increase the 
pressure on the concave surface of the returning blade. 
Figure 7 shows if the returning blade of the SV05 model 
has a wider green color than the conventional Savonius 
model.  This shows if ventilation on the blades of  SV05 
model are able to make the lifting force that has been 
working at 165° rotation angle. Ventilation is able to ad-
vance the lifting force of the wind so that the wind is able 
to rotate the rotor before and during the 0° rotation angle 
better. It also proves if the ventilation on the blade of the 
rotor models can improve a critical condition on the con-
ventional Savonius.

Vortex Comparison In Front Of The Blade 
Concave Surfaces

The concave surface of the blades is the most important 
part of Savonius rotor for producing a positive torque. 
However, at a certain angle of rotation, in front of the 
concave surface of the blade occurs a vortex that an ad-
verse for the rotor rotation. Figure 7 showed if the vortex 
is formed in front of the concave surface of the blades. 
Vortex will absorb some of the kinetic energy of the wind. 
This causes the pressure acting on the concave surface 
of the blade to be low.
Figure 8 show if vortex is formed at turn angle from 135°– 
15°. At the rotating angle of 135°, the ventilation on the 
SV05 blades are able to improve air fl ow by eliminating 
vortex that occurred in front of the concave side of the 
returning blade. At the rotating angle of 165°, the venti-
lation on the SV05 blades are able to improve air fl ow by 
eliminating vortex that occurred in front of the concave 
side of the advacing blade (no. 3 on fi g. 4). 

The larger the area of the vortex then the greater the 
pressure difference that  occurs between  the  center  of  
the  vortex  to  the  outside  of  the circular  vortex. So the 
loss of kinetic energy due to it is absorbed vortex also 
getting bigger. Ventilation on the SV05 model effectively 
reduces the vortex area. Thus, the kinetic energy acting 
on the concave surface of SV05 is larger than SC model. 
So SV05 is able to produce the positive torque larger 
than SC model.

CONCLUSIONS

The CFD simulation results show if ventilation with a 5% 
gap width of the blade diameter (SV05 model) has the 
best static torque. SV05 model can improve the static 
torque of Conventional Savonius by 23.8%. Based on 
the vortex, streamline profi le and distribution pressure 
of the simulated results, ventilation on the SV05 blade 
is able to increase the air mass fl ow rate and increase 
the pressure on the concave surface of the advance and 
returning blade by 17% and 313% larger than the SC 
model when the rotor rotates 180 degrees. So the vents 
on SV05 are able to make the rotating angle so that the 
SV05 rotates more easily than the SC model at both turn 
angles.
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Figure 8: Vortex area in front of the concave surface on 
advacing and returning blades
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