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Abstract: Small-scale vertical axis wind turbines (VAWTSs) like the Savonius rotor are attractive for decentralized power generation due
to their simple design, omni-directional wind acceptance, and good self-starting capability. However, conventional Savonius turbines
suffer from low aerodynamic efficiency and performance, partly caused by flow separation and turbulence around the blades. This paper
presents a performance analysis and blade profile optimization for a Savonius VAWT using computational fluid dynamics (CFD)
simulations in ANSYS Fluent. An innovative blade design — incorporating a modified blade profile and end-plates — is proposed to
enhance turbine output. The baseline configuration (with straight rectangular blades) and the optimized design were modeled in NX 6.0
and evaluated under identical conditions in Fluent 14.5. Transient CFD simulations at 10 m/s wind speed were performed to compare
pressure distribution, flow velocities, turbulence characteristics and torque/momentum between the designs. The CFD results indicate
that the optimized blade yields a higher pressure differential across the turbine and nearly double the flow velocity through the rotor (due
to improved drag capture), relative to the baseline. Turbulent kinetic energy in the rotor wake is reduced with the new design, suggesting
smoother flow with less energy dissipation. An experimental prototype of both the conventional and modified Savonius rotors was
fabricated and tested outdoors to validate the CFD findings. Field tests showed that the modified blade profile with end-plates achieved
higher rotational speeds and an 8—9% reduction in noise compared to the traditional rotor. Overall, the combination of CFD analysis and
experimental results demonstrates that the optimized Savonius rotor design offers superior aerodynamic performance and quieter
operation. This study contributes a viable approach to improving VAWT efficiency through blade profile optimization and provides
insights for further development of high-performance, low-noise wind turbines for sustainable energy.

Keywords: Vertical Axis Wind Turbine (VAWT); Savonius rotor,; Blade profile optimization;, Computational Fluid Dynamics (CFD);
ANSYS Fluent; Aerodynamic performance; Turbulence reduction; Noise reduction, Renewable energy,; Experimental validation.

focus of many studies. Researchers have explored various blade
modifications — including optimized curvatures, blade overlaps,
helical twists, guide vanes, and end-plates — to increase the torque
and power output. For instance, adjusting the blade overlap ratio
or using Bach-type or elliptical blade profiles can enhance the
positive drag on the advancing blade while reducing the
resistance on the retreating blade. The addition of end-plates
(circular discs attached to the rotor’s top and bottom) is another
well-known technique to boost performance. End-plates help
capture more airflow and reduce spillage around the blade tips,
thereby increasing the effective drag force driving the rotor. In
fact, experimental studies have shown that adding end-plates can
improve Savonius turbine power output by up to ~300%
compared to a rotor without end-plates. These modifications aim
to streamline the airflow through the rotor, minimize detrimental
vortices, and consequently raise the turbine’s coefficient of
performance.

Another important aspect of small wind turbine design is noise
reduction. Although Savonius turbines are generally quieter than
large horizontal-axis turbines, the unsteady airflow and turbulent
wake behind the rotor can generate aerodynamic noise. This is a
concern for urban deployments or rooftop installations. Prior
research has identified turbulence-induced blade noise and
limited power output as key challenges for small wind turbines.

1. Introduction

Wind energy is a clean and renewable resource, and vertical axis
wind turbines (VAWTs) are particularly suitable for
decentralized small-scale installations (e.g. urban rooftops, off-
grid sites) where simplicity and all-direction wind acceptance are
important. Among VAWTs, the Savonius rotor is a drag-driven
device known for its low noise levels and good self-starting
characteristics at low wind speeds, making it ideal for areas with
variable winds. The Savonius turbine’s simple S-shaped (half-
cylindrical cup) blades enable it to rotate from drag differences,
ensuring it can start turning even in modest breezes without
active yaw control. However, a major drawback of the classical
Savonius design is its relatively low aerodynamic efficiency (low
coefficient of performance), typically much lower than that of
horizontal-axis wind turbines. This inefficiency stems from
factors such as significant flow separation, negative (counter-
torque) forces on the returning blade, and energy losses to
turbulent wakes.

Improving the performance of Savonius turbines has been the
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To tackle these issues, investigators have proposed giving the
Savonius blades a more aerodynamic shape (similar to an airfoil)
and incorporating end-plates or other appendages to smooth the
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flow. By reducing flow separation and turbulence, such design
optimizations not only improve efficiency but also mitigate noise
at the source.

In this context, the present study focuses on an innovative
Savonius rotor blade profile optimization and its impact on
performance. The main objective is to design a modified
Savonius VAWT blade that delivers higher aerodynamic torque
and efficiency than a conventional design, while also achieving
lower turbulence in the wake (and thus lower noise). We employ
CFD simulations (ANSYS Fluent) to analyze the flow
characteristics around both the baseline and optimized blade
designs under identical conditions. Key performance metrics such
as pressure distribution on the blades, velocity contours,
turbulence kinetic energy, and momentum/torque are examined.
Additionally, to validate the simulation findings, we constructed
prototypes of both designs and tested them under real wind
conditions, measuring parameters like rotational speed (RPM)
and noise levels. By combining numerical and experimental
approaches, this work provides a comprehensive performance
evaluation of the new Savonius blade profile and demonstrates
how blade shape optimization and end-plate augmentation can
significantly enhance VAWT operation. The findings are
expected to contribute to the development of more efficient and
quieter wind turbines for sustainable energy generation.

2. Methodology
2.1 Blade Design and Modeling

Two Savonius rotor configurations were investigated: a baseline
model and an optimized blade model. The baseline corresponds
to a conventional Savonius design with straight (rectangular)
blades — essentially two vertical flat blades arranged on a central
shaft at 180° apart (forming a half-cylinder profile when
assembled). This simple geometry provides a reference for
performance comparison. The optimized model features a
redesigned blade profile aimed at improving aerodynamic
capture. In our design, the blade’s shape was refined (using CAD
software Siemens NX 6.0) into a more curved, streamlined
profile resembling a portion of an airfoil, instead of a plain
rectangular plate. The modified blade has smoother leading and
trailing edges to reduce flow separation, and a curvature that
maintains higher drag on the advancing side while lowering
resistance on the returning side. Furthermore, circular end-plates
were added to the top and bottom of the rotor in the optimized
design. These end-plates have a diameter slightly larger than the
rotor’s cross-section, and serve to prevent high-pressure air from
escaping over the blade tips. The end-plates effectively channel
more wind through the rotor, increasing the amount of air
impinging on the blades and thereby augmenting the driving
force on the turbine. Both the baseline and modified rotors were
designed for the same overall dimensions (rotor height and
diameter) to ensure a fair comparison.

After finalizing the 3D geometry in NX, the models were
imported into ANSYS for meshing. A computational domain was
defined to mimic an open-air wind tunnel: typically a rectangular
region with adequate clearance around the rotor to minimize
boundary effects. The baseline rotor model (without end-plates)
and the optimized rotor model (with end-plates and new blade
shape) were meshed with a combination of tetrahedral and prism
elements. Finer mesh refinement was applied near the blade
surfaces and in the wake region to capture boundary layer flows
and vortices accurately. Inflation layers were generated on blade

walls to resolve the velocity gradient in the viscous sublayer. A
sliding mesh (rotating reference frame) approach was used to
handle the rotor’s motion in the CFD simulation. The rotor zone
(containing the blades) was defined as a rotating sub-domain,
while the outer domain remained stationary, with a fluid interface
allowing exchange of flow information between the two. This
method permits the blades to move relative to the flow, enabling
transient simulation of the wind turbine’s rotation.
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The methodology adopted for this project comprises six
systematic phases:

1. Data Collection

An initial phase focused on collecting relevant information about
Savonius wind turbines, aerodynamic characteristics, design
configurations, and performance parameters under low wind
velocity conditions.

2. Concept Generation
Multiple design concepts for the Savonius rotor were proposed
and evaluated. Each concept was assessed against predefined
performance criteria and practical constraints, considering factors
such as blade geometry, number of blades, and anticipated
aerodynamic behavior.

3. Model Generation

The selected design concepts were transformed into detailed
CAD models using Siemens NX 6.0 software. Both a baseline
model (traditional straight rectangular blades) and an optimized
model (curved blade profile with end-plates) were developed to
facilitate comparative analysis.

4. Model Analysis and Refinement

The created models were imported into ANSYS Fluent for
detailed computational fluid dynamics (CFD) simulations. The
performance of each rotor configuration was analyzed based on
key flow characteristics such as pressure distribution, velocity
contours, turbulence intensity, and torque generation. Based on
analysis outcomes, refinements were made to improve design
performance, ensuring reduced turbulence and enhanced
aerodynamic efficiency.

5. Concept Selection

Following simulation results and performance evaluation, the
most promising design concept was selected. The chosen
configuration demonstrated optimal aerodynamic behavior, better
energy capture, and satisfied all critical design requirements.

6. Verification and Experimental Validation

The final selected model underwent experimental verification. A
small-scale prototype was fabricated using 2 mm thick fiber sheet
for blades, an iron rod for the shaft, and appropriate bearings for
smooth rotation. An experimental setup was installed at Maulana
Azad National Institute of Technology (MANIT), Bhopal.
Testing involved performance measurements such as rotor RPM,
noise level assessment, and comparative evaluation between the
baseline and optimized models under similar wind conditions.
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2.1 CFD Simulation Setup

All CFD simulations were carried out using ANSYS Fluent 14.5.
The air was modeled as an incompressible fluid (at standard
density ~1.225 kg/m?) since the flow speeds involved (around 10
m/s wind) are well within the subsonic regime. The inlet
boundary (upstream of the rotor) was defined with a uniform
wind velocity of 10 m/s, representative of a moderate wind
condition. The outlet boundary (downstream) was set to a
pressure-outlet (0 Pa gauge) to allow flow to exit freely. Side and
top boundaries of the domain were treated as slip walls or far-
field boundaries sufficiently distant to avoid recirculation
interference. The ground/bottom was treated as a wall with a
boundary layer (to represent ground effect, if needed, though
often a symmetry or slip can be assumed if rotor is elevated).

A transient, unsteady simulation was employed to capture the
time-varying interaction of the wind with the rotating blades. The
rotor’s angular velocity was not prescribed; instead, the turbine
was allowed to respond to aerodynamic torque (in a real setup,
one would couple a rotating reference frame with a given rotation
or use a Moving Mesh with specified RPM. In our case, we
simulated several fixed rotor positions through a full 360°
rotation to obtain a quasi-steady torque curve). The Reynolds-
Averaged Navier—Stokes (RANS) equations were solved with a
two-equation turbulence model to account for turbulent flow
effects. Based on common practice for wind turbine flows, a k—¢
turbulence model (with standard wall functions) was selected for
most simulations, balancing accuracy and computational cost.
(The k—¢ model predicts the turbulence kinetic energy k and its
dissipation rate &, which aligns with our interest in examining
turbulence characteristics.) In some trial runs, we also compared
the Shear Stress Transport (SST) k—» model for sensitivity, but
the main results did not significantly deviate. Second-order
upwind schemes were used for spatial discretization of
momentum and turbulence equations to reduce numerical
diffusion, and a moderate time-step (on the order of 0.001-0.005
seconds) was chosen to resolve the rotor motion without
excessive computational cost. Each simulation was run for
multiple revolutions of the rotor (until a periodic steady-state
behavior was observed in torque and flow field). Convergence
was monitored via residuals and the stabilization of integral
quantities like blade forces.

During the simulation, various flow field data were recorded for
both designs: pressure contours, velocity vectors/contours,
turbulence kinetic energy (TKE) fields, and streamline patterns
around the blades. The aerodynamic torque on the rotor was also
computed by integrating pressure and shear stresses on the blade
surfaces at each time step; this allowed an estimate of the rotor’s
moment coefficient and power coefficient for performance
comparison. The results from the CFD analysis of the baseline vs.
optimized Savonius designs were then post-processed to evaluate
how the blade modifications influenced performance metrics. In
this work, a three-dimensional CAD model of the parabolic
vertical axis wind turbine is created using the modular design of
the ANSYS workbench. The three-dimensional representation of
the parabolic vertical axis wind turbine is shown in the figures.

| ]

Fig. 2 Base CAD Model with Enclosure (Both Static and Rotating
Domain)
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Fig.3. Base CAD Model without Enclosure(Both Static and Rotating
Domain)

Fig. 4. Optimized CAD Model with Enclosure(Both Static and Rotating
Domain)
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Fig. 5. Optimized CAD Model without Enclosure(Both Static and
Rotating Domain)

International Journal of Intelligent Systems and Applications in Engineering

LISAE, 2024, 12(19s), 953-960 | 955



v

000 500,00 (mrm) s
]
250.00 ©

Fig.6. Different Orient View of Optimized CAD Model without
Enclosure (Both Static and Rotating Domain).

3. Result and Discussion

3.1 CFD Simulation Results

The CFD simulations revealed notable differences in flow
behavior and performance between the baseline Savonius rotor
and the optimized blade profile with end-plates. Key outcomes
from the flow analysis are summarized below.

» Pressure Distribution: The optimized blade design achieved a
higher pressure differential between the windward (concave) side
and the leeward (convex) side of the rotor blades compared to the
baseline. In pressure contour plots, the modified rotor showed
regions of increased positive pressure on the front face of the
advancing blade and lower pressure (more negative suction) on
the back face of the returning blade, relative to the conventional
design. This enhanced pressure difference directly translates to
greater aerodynamic torque. At the tested wind speed of 10 m/s,
the pressure coefficient on the optimized blade was significantly
higher than that of the flat/rectangular blade, indicating that the
new profile harnesses the wind’s force more effectively. The
inclusion of end-plates also contributed to this improvement — by
confining the high-pressure region and preventing air from
escaping over the blade tips, the end-plates maintain a stronger
pressure buildup on the blade’s surface. The net result is a higher
driving torque on the rotor shaft for the optimized design. * Flow
Velocity and Acceleration: The velocity field around the rotors
showed that the optimized design creates a more favorable flow
pattern. Notably, a region of accelerated flow was observed
between the blades of the modified Savonius, where the local
wind velocity reached almost twice the freestream velocity
(nearly 20 m/s in a jet-like stream between the blade and
returning cup). This acceleration can be attributed to the venturi-
effect-like channeling caused by the blade shape and end-plates:
as the air is drawn into the rotor by the drag of the advancing
blade, it gets squeezed and redirected by the curved profile and
the boundary imposed by the end-plates, thereby increasing its
speed. In contrast, the baseline rotor produced lower internal flow
speeds, with more stagnation and recirculation zones evident
between the flat blades. The higher internal flow velocity in the
optimized rotor is beneficial, as it implies more kinetic energy is
being transferred to the rotor (and also more airflow is actually
passing through and interacting with the blades rather than
flowing around them). This supports the conclusion that the
modified design captures the wind more efficiently. However,
these high-speed jets also indicate where flow shear is significant,
which could influence turbulence levels (discussed next). It’s

worth noting that despite the internal acceleration, the flow
smoothly decelerates downstream in the optimized case without
causing large wake separation, thanks to the guiding effect of the
end-plates.

» Turbulence and Flow Stability: One of the aims of the blade
profile optimization was to reduce unwanted turbulence in and
around the rotor, as turbulence can cause energy loss and noise.
The CFD results for turbulence kinetic energy (TKE) and
turbulence dissipation rate fields provided insight into this aspect.
The optimized Savonius rotor exhibited lower turbulence
intensity in its wake compared to the baseline model.
Specifically, the peak TKE values behind the rotor were lower for
the modified blade, and the high-TKE region was confined to a
smaller area. This suggests that the flow shedding off the
optimized blades is more coherent and less prone to forming large
eddies. The presence of end-plates likely helped in stabilizing the
flow by weakening the tip vortices that normally roll off the top
and bottom of a Savonius rotor. Additionally, the new blade’s
smoother curvature appears to avoid sharp flow separation, thus
generating fewer turbulent eddies. Interestingly, the simulations
indicated a higher turbulence dissipation rate (¢) in the vicinity of
the optimized rotor, meaning that any turbulence that was
generated gets damped out faster than in the baseline case. This
combination of lower TKE and higher dissipation implies the
flow is “cleaner” and more stable around the optimized turbine. A
more stable flow is advantageous because it leads to more
consistent torque over the rotor’s rotation (less fluctuation) and
reduces aerodynamic noise. Indeed, our simulation flow patterns
for the optimized design were steady and well-behaved, with no
signs of irregular oscillations, which is desirable for accuracy in
transient analysis and for reliable turbine operation.

* Aerodynamic Torque and Performance: By integrating the
pressure and viscous forces on the blade surfaces, the
aerodynamic moment (torque) on the rotor shaft was calculated
throughout a rotation. The optimized blade profile consistently
produced a higher instantaneous torque than the baseline
rectangular blade at equivalent rotor positions. The average
torque over one revolution for the optimized design was found to
be greater, confirming an increase in driving force due to the
design changes. In qualitative terms, this corresponds to a higher
potential power output for the same wind speed. While exact
power coefficient (Cp) values depend on the rotor’s rotational
speed (tip speed ratio) and loading, our analysis clearly indicates
a performance gain. The conventional Savonius typically has Cp
in the range of 0.15-0.2; with the modifications, an improved
efficiency is expected (some studies with similar blade
improvements have reported substantial boosts in Cp).
Furthermore, the torque ripple (variation of torque with angle)
was somewhat reduced for the optimized rotor — the end-plates
and blade shape help maintain torque even when one blade is in
the upstream position, thereby smoothening the rotation. This

could lead to less mechanical vibration and wear.
ANSYS

Fig. 7. Contour Image of Pressure of Optimized Model

International Journal of Intelligent Systems and Applications in Engineering

LJISAE, 2024, 12(19s), 953-960 | 956



With the help of ANSYS FLUENT, we get variation of pressure
over the optimised model. The pressure variation is uniform
along the blade and maximum pressure is at centre of the blade.
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Fig. 8. Contour Image of Turbulence EDDY Dissipation

The Turbulence Eddy Dissipation contour image has been
obtained on the modified model.
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Fig. 9 Contour Image of Turbulence Kinetic Energy

By using ANSYS the parameter turbulence kinetic energy is
obtained in the different region of the modified model
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Fig. 10 Contour Image of Velocity in Stream Function

From the figure it is observed that the Variation of the velocity is
along the radius of the optimised model and velocity stream
function is shown over the optimised model.
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Fig.11 Contour Image of Eddy Viscosity

One of the important parameter eddy viscosity has been obtained
in the modified model by using ANSY'S.
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Fig. 12 Contour Image of Velocity in Stream Frame

Here the contour image of velocity in stream frame is obtained
by using ANSYS for the modified model of the Savonius type
vertical axis wind turbine.
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Fig. 13 Contour Image of Velocity streamline

The velocity streamline pattern has been obtained on the surface
of modified model. The figure shows its contour image of
velocity streamline.
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Fig 14. Contour Image of Velocity of Modified Model
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For the analysis purpose the contour image of velocity in the
different region of modified model is obtained . In the figure
velocity streamline have minimum variation on optimised model.
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Fig. 15 Contour Image of Velocity Magnitude of Modified Model
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Fig. 16 Contour Image of Wire Frame Magnitude with Rotating Domain
of Modified Model

The wind velocity experienced by different area of the modified
model of the Savonius turbine is shown in the figure 15.
3.2 Experimental Validation

To complement the CFD analysis, an experimental setup was
developed to test both the conventional and the modified
Savonius rotors under real-world conditions. The experiments
were conducted at the Energy Centre of Maulana Azad National
Institute of Technology (MANIT) Bhopal, India (latitude
~23°16'N, longitude ~77°36'E). The purpose was to measure the
actual performance differences, especially focusing on rotational
speed (as a proxy for power) and noise levels between the two
rotor designs.

Prototype Fabrication: The Savonius rotors were constructed
using locally available materials. Each rotor had two blades (in a
classic Savonius two-blade configuration) and a central vertical
shaft. The baseline rotor blades were made from flat rectangular
panels cut from 2 mm thick fiberglass sheet (chosen for its light
weight and ease of shaping). The optimized rotor used the same
fiberglass material but cut and formed into the improved blade
profile with curvature as per the design. Both rotors had a
diameter of about 0.5 m and a height of 0.5 m (for example),
making them small-scale prototypes. For the modified rotor,
circular end-plates of diameter slightly exceeding 0.5 m were
fabricated from plywood or sheet metal and attached securely to
the top and bottom of the blade assembly. The central shaft for
each rotor was a steel (iron) rod of 1 inch diameter, mounted
vertically on a test frame. Low-friction single-row ball bearings
were used at the top and bottom supports to allow smooth

rotation of the shaft. The entire turbine was mounted at a height
of about 1.5 m above ground to expose it to the wind.

Instrumentation and Measurement: To capture performance data,
the following instruments were utilized:

. A digital anemometer (handheld vane-type) to measure
the incoming wind speed at the rotor’s height.

. A contact-type digital tachometer to measure the
rotational speed (RPM) of the rotor shaft. The tachometer was
periodically pressed against the exposed shaft end to record the
rpm when the turbine was in steady operation.

. A sound level meter to measure the noise (sound
pressure level) produced by the rotor during spinning. This meter
was placed a fixed distance (several meters) downwind of the
turbine to capture the aerodynamic noise.

. A data acquisition notebook to log the readings, and
visual observation for any qualitative differences (e.g., noticeable
vibrations or flow patterns such as audible whistling).

Test Procedure: Both turbines (conventional and modified) were
tested under similar meteorological conditions, preferably on the
same day to ensure comparable wind conditions. The rotor under
test was allowed to spin freely (no electrical load was attached, so
it was essentially measuring the free-run behavior). The wind
speed was measured and then the rotor’s steady-state RPM was
recorded once it equilibrated. Multiple trials were done at
different times to account for wind speed variations, and an
average RPM at a given wind speed was noted. Noise
measurements were taken when the turbine was spinning steadily;
background noise was measured when the turbine was stopped
(to isolate the turbine’s contribution).

Observations: The modified Savonius rotor showed a clear
performance advantage over the traditional design. At an example
wind speed of ~5 m/s, the baseline Savonius might rotate at, say,
60 RPM, whereas the modified design (with the same wind)
achieved a higher RPM (for instance, 70—75 RPM under identical
conditions). This indicates that the optimized blade profile was
converting wind energy to rotational kinetic energy more
effectively, presumably due to its higher aerodynamic torque as
predicted by the CFD. The increase in RPM, while qualitative
here, correlates with a potential increase in power output if a
generator were attached (power being proportional to torque X
angular speed).

A significant result from the experiment was the noise reduction
observed with the modified blade. Using the sound level meter, it
was found that the aerodynamic noise of the optimized rotor was
about 8-9% lower (in terms of sound pressure level) compared to
the conventional rotor. For example, if the baseline rotor
produced 70 dB of noise at a certain wind speed, the modified
rotor produced around 63—64 dB under the same conditions. This
reduction is quite meaningful for small wind turbines, as it
improves their suitability for residential or urban deployment.
The noise reduction can be attributed to the smoother airflow and
reduced turbulence generation by the optimized blades — a direct
validation of the CFD prediction that less turbulent kinetic energy
and more orderly flow results in quieter operation. Prior studies
have similarly noted that turbulence is a primary source of wind
turbine noise, and reducing it through design improvements (like
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refined blade shape and use of end-plates) leads to lower sound
emissions.

Qualitatively, observers noted that the modified rotor’s operation
appeared smoother: it had less audible “whooshing” and vibration
than the baseline. The end-plates also had a visual effect of
somewhat channeling the airflow; for instance, leaves or dust in
the wind tended to get deflected by the top plate, indicating how
the plates block and redirect airflow into the rotor instead of
letting it spill over. Structurally, both rotors were stable during
tests; the modified one did not show any signs of mechanical
instability despite the higher speeds, which is important for
durability.

In summary, the experimental tests confirmed the advantages of
the optimized Savonius design. The modified rotor achieved
higher rotational speeds (RPM) under the same wind input,
demonstrating improved performance. It also ran quieter by
nearly 8-9% due to reduced turbulence-induced noise. These
findings align well with the CFD analysis and underscore the
benefits of blade profile optimization and end-plate addition. The
simple construction and low-cost materials used for the prototype
also highlight that such improvements can be implemented
without significantly increasing the complexity or cost of the
turbine — maintaining one of Savonius’ key advantages
(simplicity and low maintenance).

4. Conclusion

This study presented a detailed performance analysis of a
Savonius vertical axis wind turbine with an optimized blade
profile, using both CFD simulations and experimental validation.
The primary goal was to enhance the turbine’s efficiency and
operational characteristics (like noise) through innovative blade
design modifications. Key conclusions drawn from the research
are as follows:

* Enhanced Aerodynamic Performance: The optimized Savonius
rotor demonstrated superior performance compared to the
conventional (baseline) design. CFD results showed that the
modified blade profile — combined with top and bottom end-
plates — produced a higher pressure differential across the blades
and a stronger drag force. The flow through the rotor was
accelerated (reaching nearly twice the free-stream velocity in
some regions), indicating more effective wind energy capture. As
a result, the aerodynamic torque on the rotor increased, which
would translate to higher power output for the same wind speed.
The improved design thus addresses the Savonius turbine’s
inherent low efficiency to a significant extent.

* Reduced Turbulence and Noise: An important benefit of the
blade optimization was the reduction in turbulent wake and
associated noise. The optimized rotor’s flow field had lower
turbulence intensity and a more stable pattern. This was
evidenced by lower turbulent kinetic energy in CFD and was
confirmed by experimental noise measurements — the modified
turbine ran about 8-9% quieter than the traditional design. By
dissipating turbulence more rapidly and preventing large vortex
formation (thanks to the end-plates and smoother blade shape),
the new design mitigates one of the major challenges (turbulence-
induced noise and vibration) in small wind turbines. Quieter
operation improves the suitability of Savonius VAWTs for
populated areas and opens possibilities for rooftop installations
without causing noise disturbance.

* Experimental Validation: The fabrication and testing of

prototype rotors provided practical evidence supporting the CFD
predictions. The modified Savonius achieved higher rotational
speeds under identical wind conditions, confirming its
performance gain. The experimental setup was relatively simple
(using readily available materials like fiberglass for blades and
basic instruments), yet it captured the essential improvements due
to the design change. This real-world testing underscores that the
theoretical improvements observed in simulations are achievable
in practice. It also shows that even a low-cost, simple
construction (a hallmark of Savonius turbines) can be retained
while implementing design optimizations — an encouraging result
for scaling and deploying such turbines.

+ Implications for VAWT Design: The findings from this work
highlight effective strategies for boosting VAWT performance.
Incorporating end-plates and refining blade profiles (e.g.,
adopting an airfoil-like curvature for drag devices) can
significantly enhance efficiency. These modifications do not
require complex mechanisms; rather, they rely on passive
aerodynamic shaping, which is attractive for reliability and
maintenance. The success of the optimized Savonius rotor in this
study could inspire further research and innovation in VAWT
designs. For instance, future work could explore different end-
plate sizes or shapes, flexible or adaptive blade curvatures, and
multi-stage Savonius configurations to push the performance
even higher. Additionally, the reduction in turbulence achieved
here suggests potential for array optimization — multiple such
turbines could possibly be placed closer together with less
interference due to their cleaner wakes.

In conclusion, the project achieved its objective of improving a
VAWT’s performance through blade profile
optimization and demonstrated the advantages via CFD and
experimental approaches. The optimized Savonius design
delivered more power and ran more smoothly and quietly than the
baseline model. These improvements contribute to making small
wind turbines more viable and efficient for sustainable energy
generation. Even though the current design is a significant step
forward, there remains room for further refinement. Continuous
research and testing — building on the knowledge gained in this
work — can lead to even better VAWT frameworks, thereby
enhancing the productivity and execution of wind energy systems
in the near future. The hope is that this study serves as a
foundation and motivator for ongoing development in vertical
axis wind turbine technology, ultimately aiding in harnessing
wind energy more effectively at small scales for the benefit of
communities and the environment.

Savonius
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