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Abstract- The goal of this work is to simulate and improve the efficiency of an innovative multiple semicircular-bladed 
Savonius rotor, which is identified as belonging to the vertical axis wind turbine (VAWT) category. It is characterized as a low 
speed turbine that is simpler and cheaper to build than traditional turbines. This makes it appropriate for generating mechanical 
energy in lower wind speed regions, and it can be coupled with solar panels in urban agglomerations. The objective of this 
paper is to compare the aerodynamic characteristics and power efficiency of four different geometries (two-conventional and 
two-modified rotors) in order to estimate the most efficient design. The proposed Savonius design comprises multiple 
semicircular blades added to conventional two- and three-bladed Savonius configurations. The comparison of the efficiency in 
terms of the torque coefficient (CT) and power coefficient (CP) of the new system configurations with the conventional ones 
finds that the multiple semicircular two-bladed Savonius rotor is more efficient than others. An average improvement in the 
power coefficient of 8.43% is observed for the new configuration compared with the others. 
 

Keywords Savonius rotor, VAWT, Multiple-semicircular Savonius roto, Power coefficient. 

 

1. Introduction 

In the last few years, with the rapid development of 
economic activities, the excessive exploitation of fossil 
energy sources has led to the decrease of resources and the 
deterioration of environment. Energy and environmental 
problems have become huge challenges for governments and 
scientific community. The use of renewable resources 
becomes one of the main topics for society. Wind energy is 
one of the most widely used and fast growing renewable 
energy resources for large-scale exploitation. It is the most 
sustainable way to generate electrical power without directly 
emitting air pollutants. This kind of energy has received 
growing interest and had resulted in an upward trend of wind 
power getting more penetration in the grids. The Global 
Wind Energy Council (GWEC) released a report stating that 
the cumulative capacity of installed wind power worldwide 
reached some 596.6 GW by 2018 [1]. China, the US, and 
Germany are the top three countries, producing 62.5% of the 

global installed wind capacity. In Uruguay, currently, 97% to 
100% of electricity comes from renewable sources, of which 
30% is from wind energy. 

Wind turbines convert incoming wind kinetic energy into 
mechanical energy, which rotates generators to deliver 
electricity. According to the rotating axis, there are two main 
types of turbine: Horizontal Axis Wind Turbines (HAWTs) 
and Vertical Axis Wind Turbines (VAWTs). The rotary axis 
of HAWTs is parallel to the wind direction, while that of 
VAWTs is perpendicular to the wind direction. Vertical-axis 
wind turbines are commonly used in residential areas, 
whereas horizontal-axis wind turbines are suitable for wind 
farms installed in rural areas or offshore. Vertical axis wind 
turbines do not need to be pointed into the wind direction to 
be more efficient [2], and they operate in the low-wind-speed 
environments [3]. The most commonly used VAWTs are 
Darrieus, Savonius, or hybrid turbines. The Darrieus turbine 
is a lift-based turbine, the Savonius is a drag-based turbine, 
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and the hybrid is predominantly lift-based turbine. The 
Savonius rotor was firstly developed and introduced by the 
Finnish inventor S.J. Savonius [4]. This wind turbine has 
been used in water pumping for agricultural applications [5], 
as an off grid power supply above communication towers 
[6], in standalone systems for domestic electricity generation 
[7], in street lighting systems [8], and as a windbreaker to 
improve the cooling efficiency in cooling towers [9]. 

Many scientists have studied the performance of the 
Savonius wind turbine in order to determine the optimum 
design parameters. A combination of Savonius and Darrieus 
turbines has been used to extract the exhaust systems of heat 
waste or natural heat sources [10,11]. The aerodynamic 
efficiency of different stages of the Savonius rotor has been 
investigated to determine its feasibility for the local 
production of electrical energy [12]. Blackwell et al. [13] 
showed that the two-stage geometry of the Savonius turbine 
has a better aerodynamic efficiency than the three-stage one. 
They also found that an increase in the aspect ratio improves 
the rotor performance. Alexander and Holownia [14] studied 
the effects of the blade aspect ratio, blade overlap, and gap as 
well as the effect of adding end extensions, end plates, and 
shielding. They showed that when the aspect ratio increases 
the efficiency, the rotor increases also. Modi et al. [15] found 
that the optimum values of the aspect and overlap ratios are 
0.77 and 0.25, respectively. Mojola [16] showed that the 
effect of the overlap ratio is strongly influenced by the tip 
speed ratio of the rotor. The variation in fluid flow through 
Savonius turbines with different overlap ratios was 
investigated by Nobuyuki [17]. The performance of the 
Savonius rotor was greater for lower overlap ratios [18]. 
Saha et al. [19] reported that the optimum number of blades 
for the Savonius rotor is two. The curtain arrangement using 
one plate in the rotor-upper-end and the second plate at the 
rotor-lower-end was studied by Altan et al. [20]. They 
concluded that the arrangement increases the rotor efficiency. 
Gupta et al. [3] compared the results of Savonius–Darrieus 
wind turbine hybrid with those of the conventional Savonius 
rotor. They concluded that there is an improvement in the 
power coefficient for the hybrid Savonius–Darrieus rotor. 
Kamoji et al. [21] studied the effect of the overlap ratio, 
blade arc angle, aspect ratio, and Reynolds number on the 
performance of the Savonius rotor. They found that the 
modified Savonius turbine without an overlap ratio, with a 
blade arc angle of 124°, and with an aspect ratio of 0.7 has a 
maximum power coefficient of 0.21 at a Reynolds number of 
150,000. Shankar [22] found that two-bladed Savonius rotors 
have an almost 50% higher peak power output than the three-
bladed ones. Roy et al. [23] developed an inverse 
optimization methodology using differential evolution for a 
semicircular-bladed Savonius wind turbine. An investigation 
on two Savonius turbines by using PIV and CFD showed that 
the power enhancement is due to two factors: first, the 
Magnus effect and, second, the periodic flow between 
turbines [24]. Further investigation by [25-30] established 
parameters affecting the power enhancement such as the gap 
distance, turbine configuration, relative angular position, and 
rotor blade rotational direction. Meziane et al. [31] reported a 
rather extensive numerical investigation on three turbine 
clusters and a wind farm distribution. The challenge was to 

design and develop an optimal wind turbine cluster in order 
to extract the maximum amount of wind kinetic energy. The 
above studies on Savonius wind turbines gave different 
optimal design geometries.  

As we can see from the previous literature review 
mentioned above, Savonius turbines have their own 
advantages. Naturally, we may ask if it is possible to 
improve efficiency by designing a Savonius power extraction 
turbine based on conventional rotor without requiring 
complex modifications? We have conducted some 
investigations about the influence of different parameters on 
energy extraction characteristics. All these investigations are 
based on numerical studies carried out using commercial 
CFD software and validated against experimental and 
numerical data derived from a literature review.  

In addition, we conduct a comparative study between 
four different geometries (conventional two-bladed Savonius 
rotor, conventional three-bladed Savonius rotor, multiple 
semicircular two-bladed Savonius rotor and multiple 
semicircular three-bladed Savonius rotor). The aim of this 
work is to determine the optimal aerodynamic design with 
the highest power efficiency.  

2. CFD model for analysis and design: 

2.1. Description of the rotor design  

Four different rotor blade configurations of the Savonius 
wind turbine were studied in this paper: conventional two-
blade, conventional three-blade, multiple semicircular two-
blade, and multiple semicircular three-blade. The 
conventional two-bladed Savonius turbine is described in 
reference [31], and its dimensions are listed in Table 1. 

Fig. 1. Conventional (a) two-bladed and (b) three-bladed, 
Savonius wind turbines. 

 

Fig.1 shows the geometry of the conventional Savonius 
rotor. It is a classical type of Savonius rotor, which consists 
of two and three semicircular blades. The overlap ratio of 
this turbine corresponds to the distance between the turbine 
blades divided by the blade chord and is equal to 0.20. The 
reason for choosing this overlap ratio is based on the need to 
conduct a validation study of the experimental results from 
reference [23]. Fig. 2 shows two new configurations on 
which we added two additional semi-circular blades inside 
both of the conventional configurations already presented in 
Fig.1. 
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Fig. 2. Multiple semicircular (a) two-bladed and (b) three-

bladed, Savonius wind turbines. 

 

Table 1. Dimensions of the Savonius wind turbine. 

Turbine type   Savonius wind turbine 

Number of buckets   2.0 

Blade diameter (m)   0.218 

Aspect ratio    1.58 

Blade chord (m)    0.109 

Overlap ratio    0.20 

2.2. Computational domain and boundary conditions 

The computational domain was divided into two sub-
domains: a circular moving domain containing the rotor, 
which rotates with the same angular velocity as the rotor, and 
a rectangular fixed domain, which determines the overall 
domain extent. The dimensions of the rectangular domain 
were selected in such a way that the results were not affected 
by the boundaries. A circular sliding interface was used to 
represent the connectivity between both domains. The 
rotating region was placed at 4D from the upper and lower 
sides of the whole domain, where a symmetry condition was 
defined. Steady-state flow conditions were assumed at the 
interface between the moving and stationary regions. Fig.3 
shows the velocity profile and pressure distribution across 
the two sides of circular interface. It can be seen that the 
velocity profile and static pressure were the same at each grid 
of the interface zone. 

The inlet velocities of 5.2, 6.2, 7.2, 8.2, 9.2, and 10.2 
m/s and pressure outlet boundary conditions were placed 
respectively at a 4D distance upwind and 6D distance 
downwind with respect to the rotational axis of the wind 
turbine. The blades were considered to represent no slip 
boundary conditions in reference to the moving fluid zone. 
The same domain features were used for the simulation of all 
geometries. 

2.3. Turbulence approach 

The prediction of turbulent flows is an important step in 
the development of engineering problems involving flows. 
Based on the type of flow, different turbulence approaches 
have been adopted to lead to the closure of the equation 
system [32,33]. In a literature review, three different 
turbulence approaches were identified, each with advantages 
and disadvantages. Each of these approaches contributes to 
the prediction of low-speed or high-speed flows in a different 
way. The first approach is the direct numerical simulation 
(DNS), which offers a high-fidelity solution and uses a 
massive amount of computational resources. For this, the 
meshing size should be very small for very fine grids and the 
time history needs to be stored to make meaningful 
simulations. Very important time history data are generated 
at each time step, which is not necessary for the application 
under consideration. The second approach is the Large Eddy 
Simulation (LES), which needs less computational resources 
compared with the DNS. The LES method is based on the 
assumption that the relevant scales in turbulent flow can be 
separated into two different scale components: large and 
small scales. LES generates a large volume of time history 
data, which requires considerable analysis and a high CPU 
memory. The third approach is the Reynolds Averaged 
Navier–Stokes (RANS) method, which is the most common 
industrial tool in the prediction of low speed flows, as is the 
case in this work, due to the low computational requirements 
as compared with the DNS and LES. Some of the popular 
RANS based models are the k-e, k-w, and Shear Stress 
Transport (SST). These models provide accurate results 
while requiring low levels of computational resources. 

In this work, five RANS turbulence models were 
examined using the same test case and compared with the 
experimental results of [23] at a tip speed ratio (TSR) of 
0.55. The results of these runs can be found in Table 2. Using 
the SST model, the results of the CFD simulation were found 
to be in good agreement with the experimental results [30]. It 
is observed that the more the tip speed ratio increases, the 
greater the difference between the CFD simulation and 
experimental results is. Based on the results shown in Table 
2 and from the available RANS models, the SST model was 
chosen for this study.  

In this work, the coupled algorithm was employed for 
the pressure–velocity-coupling scheme in solution methods. 
The upwind differencing scheme was employed for spatial 
discretization of the momentum, turbulent kinetic energy, 
and turbulent dissipation rate. 
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Fig. 3. Velocity profile and pressure distribution across the sides of the interface zone. 

Table 2. Comparison of different turbulence models at a tip speed ratio (TSR) of 0.55 

Reynolds Averaged Navier–Stokes 
(RANS) turbulence models 

CT- (CFD) CT-(Saha et al.) 
(experimental) 

% Difference 

Standard k-e 0.223 0.100 123 % 
RNG k-e 0.177 0.100 77 % 

Realizable k-e 0.212 0.100 112 % 
Standard k- 𝜔 0.209 0.100 109 % 

Shear Stress Transport (SST) model 0.107 0.100 6.78 % 
 

 

2.4. Mesh generation 

In order to obtain a high level of performance and to 
prevent divergence caused by an unsuitable mesh refinement 
strategy, the effect of mesh refinement is being studied. A 
finer finite volume mesh commonly gives better calculation 
results. In this study, the computational domain was 
discretized with hybrid mesh. Triangle mesh was applied in 
most of the domain, and near the blades, it was refined with 
quadrilateral mesh to correctly predict the experimental 
results and capture the boundary layer viscous effects. A 
mesh sensitivity study was conducted to ensure the 
validation of the conventional two-bladed Savonius wind 
turbine. Six independent mesh tests were carried out until 
there were no significant changes in the evaluated variables 
(torque and power coefficients) of the conventional two-
blade Savonius rotor. Table 3 shows the effect of the mesh 
dependency study on the torque coefficient evolution. Mesh 
independence was achieved for the 2D numerical simulation 
starting from almost 260,000 elements, since the torque 
coefficient value remained quasi-stable and its value was in 
good agreement with the experimental results [23]. The 
values of the torque coefficient became quasi stable between 
the two mesh elements at 260,000 and 725,000 where the 
error was 2.6%. From this, it can be concluded that 260,000 
elements is independent, since the monitored values no 
longer change with increasing element numbers. 

The growth rate was managed as 1.2 and 20 layers were 
imposed; therefore, the mesh density changed gradually, 
starting from the rotary domain and spreading to the 
stationary domain. Fig. 4 shows the mesh of the rotating 
domain and the refinement around the blades. 

 

Table 3. Mesh sensitivity analysis for the conventional 
Savonius wind turbine at TRS = 0.75 

Mesh  Number of cells CT-Conventional 
Savonius 

1 60,350 0.312 
2 138,000 0.293 
3 260,000 0.227 
4 330,000 0.223 
5 520,000 0.226 
6 725,000 0.221 

 

Inflation layers were applied around the turbine blades to 
control cells close to them and to counter the change in the 
mesh size. At the interface between stationary and rotating 
domains, the mesh size had to be the same on both sides. Fig. 
3 shows that the interface was well governed. Based on the 
velocity value, the non-dimensional wall distance (y+) value 
for the first mesh was approximately close to 1. The same 
mesh topology was repeated for all geometries. For mesh
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convergence, 𝐶𝐹𝐿 = 𝑈𝑑𝑡 𝑑𝑥⁄  was used close to 1. Figs. 5 
and 6 show the y+ variations for all Savonius rotors at a 
rotation angle of 160°. The first non-dimensional wall 
distance (y+) value was calculated using the following 
equation: 

y+ =	
𝜌𝑢/𝑑𝑥
𝜇

 

Where 𝜌 represents the air density, ut is the velocity 
friction, µ is the fluid viscosity, and dx is the distance from 
the blade surface. 

  

 

Fig. 4. Mesh of the rotating domain and interface boundary generated for (a) the conventional two-bladed rotor, (b) the 
multiple-semicircular three-bladed rotor, (c) the zoom view on additional multiple semicircular blades, and (d) the zoom view 

on one simple blade 

 

Fig. 5. Y+ on the two-bladed Savonius rotor at�q =160°. 
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Fig. 6. Y+ on the three-bladed Savonius rotor at q =160°. 

 

      The torque coefficient (CT), power coefficient (CP), and 
tip speed ratio (TSR) of this Savonius wind turbine were 
calculated in terms of the following equations: 

 

𝐶1 =
𝑇

0.5	𝜌𝐴𝑈7𝑅
 

𝐶9 =
𝑃/;<=>?@
𝑃A>?B

=
𝑇	𝜔

0.5	𝜌𝐴𝑈D
 

𝑇𝑆𝑅 =
𝜔	𝑅
𝑈

, 𝑎𝑛𝑑									𝜔 =
2𝜋𝑁
60

 

 

Where 𝐶1	is the torque coefficient,	𝐶9  is the power 
coefficient, 𝑃/;<=>?@	is the power produced by the turbine, 
𝑃A>?B  is the kinetic energy of air, T is the torque acting on 
the turbine, 𝜌 is the air density, 𝐴 is the swept area of the 
turbine, 𝑈 is the air speed, 𝜔 is the angular velocity of the 
turbine, R is the rotor radius, and N represents the rpm of the 
rotor 

 

3. Results and discussion 

      Multiple studies have been conducted on the Savonius 
wind turbine design and efficiency. These studies have 

presented the effects of various parameters such as the aspect 
ratio and overlap ratio and blade design improvement for the 
conventional semicircular Savonius configuration. In the 
present study, two new configurations with multiple 
additional blades were compared with the conventional two 
and three Savonius rotors. A validation study was performed 
on the conventional configuration by comparing the 
numerical results with the experimental data [23]. The torque 
coefficient (CT) and power coefficient (CP) were calculated 
for each configuration over a set of operational TSRs for six 
turbines to provide a numerical platform for a comparative 
study. Mesh sensibility analyses were also performed for 
each case to assess the quality of the results and to predict the 
experimental data correctly. 

3.1. Performance analysis and validation study 

      Table 4 shows a comparison of the power and torque 
coefficients as a function of the TSR of the conventional 
two-bladed Savonius wind turbine between the CFD model 
and experimental data [23]. Good agreement was observed 
between the results, since the Cp and CT trends appear to be 
well predicted by the CFD model. Furthermore, at a low 
TSR, there was no significant difference between the results. 
At a high TSR, the difference between numerical and 
experimental data became more significant (around 18%), 
but the trends were highly comparable. This difference can 
be explained by the use of the SST model for turbulence 
modeling, since this model exhibits lower sensitivity to free 
stream conditions [34]. 

 

Table 4. Comparison between the numerical simulation and experimental data [23]. 

TSR CP- (CFD) CP- (Saha et al.) CT- (CFD) CT- (Saha et al.) % Difference 
0.55 0.059 0.055 0.107 0.100 6.78 % 
0.6 0.078 0.072 0.130 0.120 7.69 % 

0.65 0.124 0.110 0.191 0.169 11.29 % 
0.7 0.163 0.142 0.233 0.203 12.88 % 

0.75 0.167 0.140 0.223 0.187 16.16 % 
0.8 0.138 0.112 0.172 0.140 18.84 % 
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3.2. Optimal design and performance analysis: 

      The influence of additional multiple semicircular blades 
on the efficiency of the Savonius rotor was studied in this 
work. Numerical simulations were conducted by adding 
multiple semicircular blades to conventional Savonius rotors. 

     The evolution of the torque coefficient (CT) and power 
coefficient (Cp) with the TSR for the four rotor geometries is 
shown in Figs. 7 and 8. These figures show that when the 
number of blades on the conventional rotor increased from 
two to three, the values of Cp and CT decreased greatly by 
almost 9%. The value of CP decreased due to an increase in 
the rotor’s inertia. In the case of two-bladed conventional 
rotor, an average improvement of 8.43% was observed in 
rotor efficiency when the multiple additional two-blade 
structure was adopted. Figs. 7 and 8 show similar trends for 
torque and power coefficients for all rotor configurations, 
and it can be seen that the gap of CP and CT for all rotor 
geometries increased with the TSR. The maximal values of 
Cp and CT were found for the multiple semicircular two-
bladed Savonius rotor. These values were 0.2075 and 0.277, 
respectively, and they corresponded to a TSR of 0.75, 
showing an improvement of 10.7%. The maximal operating 
regime was achieved when the TSR was equal to 0.75, since 
the different rotors achieved their peak efficiency at this 
TSR. For better accuracy and precision, the comparison of CP 
and CT was done after four complete revolutions.  

Fig. 7. Evolution of the torque coefficient with the TSR for 
different rotor configurations. 

 

The torque coefficient for the different rotor 
configurations was evaluated at each rotation degree for 
different TSR cases. Each time step corresponded to one 
degree of the rotating zone. The comparison of torque 
coefficient evolution with angle of rotation for the 
conventional two-bladed rotor, conventional three-bladed 
rotor, multiple semicircular two-bladed Savonius rotor, and 
multiple semicircular three-bladed Savonius rotor is shown 
in Figs. 9–11 for TSR values equal to 0.55, 0.6, 0.65, 0.70, 
0.75, and 0.80, respectively. Figs. 12–13 show the evolution 
of the power coefficient with an angle of rotation of the 
conventional two-bladed rotor and its modified multiple-

blade configuration. It can be seen that the difference 
between torque coefficients increased with the TSR. When 
the exposed area on the advancing blade increased, the 
available air kinetic energy of the incoming fluid also 
increased, which contributed to the positive torque. 

 Fig. 8. Evolution of the power coefficient with the TSR for 
different rotor configurations. 

      Fig. 14 shows the velocity contours for all rotor 
configurations taken into account in this study and operating 
at three different tip speed ratios (0.55, 0.65, and 0.75). For 
better accuracy and precision, the results are presented after 
four complete revolutions of the rotor. After four revolutions, 
the flow distribution around the blades became stable and we 
could not observe any significant change in the flow 
architecture. As we can see from Fig. 14, the convex surface 
of the blade is under relatively low pressure and the concave 
surface is under relatively high pressure. The pressure 
difference between the concave and convex surfaces is very 
small so that the energy extraction efficiency of the lift force 
in this case is very limited. 

Fig. 9. Evolution of the torque coefficient with the angle of 
rotation for a TSR of 0.55. 
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Fig. 10. Evolution of the torque coefficient with the angle of 
rotation for a TSR of 0.7. 

 

      It can be seen that the fluid around the rotating zone 
started to rotate due to the rotating motion of the rotor, and 
the curvature shape of the blades helped to extract the 
maximal air kinetic energy because of the favorable pressure 
gradient over the blades. Vortices, dead zones, and shear 
flow took place around the surface of the blade due to the 
boundary layer separation and no-slip boundary conditions. 
The developed vortices were carried downstream into the 
viscous wake. Other types of fluid phenomena (Coanda 
effect, pressure difference, etc.) were observed close to the 
blades. 

      The incoming flow changed its direction tangentially 
towards the rotating fluid motion and prevented the impact of 
the fluid on the advancing and returning blades of the rotor.  

Fig. 11. Evolution of the torque coefficient with the angle of 
rotation for a TSR of 0.8. 

Fig. 12. Evolution of the power coefficient with the angle of 
rotation for a TSR of 0.8. 

Fig. 13. Evolution of the power coefficient with the angle of 
rotation for a TSR of 0.55. 

 

To achieve an optimum power and aerodynamic 
efficiency, the manufacture of the design using aluminum 
alloy was proposed because of its lightweight, high stiffness, 
and low cost. 
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Fig. 14. Velocity contours of conventional two-bladed, conventional three-bladed, and multiple semicircular two- and three-

bladed Savonius rotors. 

 

 

4. Conclusion 

In this study, the authors developed an unsteady 2D 
numerical model in order to simulate and evaluate the effect 
of adding multiple semicircular blades on the efficiency of 
conventional two-bladed and three-bladed Savonius wind 

turbine rotors. The model was implemented in Ansys Fluent 
and validated against experimental data obtained in the 
subsonic wind tunnel owned by the Institute of Technology 
Guwahati based on a literature review.  

The goal was to develop an innovative and efficient 
Savonius wind turbine system. Various empiric turbulence 
models were tested in this study to determine the right one 
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for this study. The SST turbulence model, which is the 
combination of the k-e and k-w models, was able to predict 
the experimental results with a high level of accuracy. A 
mesh sensitivity study was conducted to obtain the optimal 
mesh elements with a lower computational cost. Mesh 
independence was achieved starting from 260,000 elements, 
since the torque coefficient value remained stable. In order to 
capture the flow phenomena (Coanda effect, recirculation 
area, vortex, etc.) near the rotor blades, due to the interaction 
between the rotor walls and airflow, we used inflation layer 
meshing to accurately capture the boundary layer zone for 
any blade wall turbulent flow.  

§ The comparison between four rotor configurations 
showed that the multiple semicircular two-blade 
Savonius rotor is more efficient than other 
configurations. The comparison was done for six 
different operating TSRs.  

§ The maximum torque coefficient and power 
coefficient were 0.207 and 0.277, respectively, and 
these corresponded to a TSR of 0.75, showing an 
improvement of 10.7% compared with the 
conventional two-bladed rotor.  

§ This work proves that the Savonius rotor can exhibit 
enhanced efficiency with a simple design 
modification.  

§ The advantage of this design is that it can be used to 
build an efficient Savonius wind turbine without 
increasing the rotor diameter or making any 
complex changes in the rotor design.  

In summary, the modification of vertical axis turbine 
with the two semicircular blades proposed in this work can 
effectively improve energy extraction efficiency, which 
provides a new idea for the design of high-efficiency vertical 
axis turbines. Future work will investigate ways to improve 
the self-starting ability of hybrid multiple-semicircular 
Savornius and Darrieus rotors with simple modifications. 
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