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Abstract: Sound produced by vertical axis wind turbines can
reduce their popularity for use in urban and residentia aress.
In order to reduce the produced sound level the acoustic
behavior of hybrid rotor is studied in this research with the
help of Computationa Fluid Dynamics (CFD). In the
investigated rotor structure, conventional-type blades were
used as the inner rotor, which was connected to the outer rotor
a a zero-degree angle. To ensure the modeling, the validation
of the results and the measuring of effect of the time step on
the output data were undertaken. The purpose of this research
was to investigate the effect of atip speed ratio and free wind
speed on the level of sound produced. The results showed that
the sound level produced had a direct relationship with a tip
speed ratio and the free wind speed in such a way that the
lowest sound pressure level in atip speed ratio of 1.5 and the
free wind speed of 5 m/s was reported by the R, receiver. Its
value was equd to 7.64 dB. Also, by moving away from the
rotor, the produced sound level decreasesd.

How to cite this article: Asadi, M., Hasanzadeh, R., "Acoustic investigation of hybrid wind turbine consisting of Darrieus
blades and Savonius conventional type blades", Energy Engineering and Management, Vol. 14, No. 1, PP. 108-121, Spring

2024. https://doi.org/10.22052/eem.2024.254451.1054

© 2023 University of Kashan Press.

Thisis an open access article under the CC BY license.(http://creativecommons.org/licenses/by/4.0/)
Introduction wind turbine can be different according to the

Wind energy is one of the renewable resources
that are abundantly available in different parts of
the world. The most important systems for

converting wind energy into eectricity are wind
turbines. Today, in order to be able to use wind
turbines in urban and residential areas, a new
generation of turbines with  appropriate
dimensions called vertical axis turbines has been
introduced. The sound produced by wind turbines
can be one of the negative points of using this
type of system in residential areas. Beyond that,
the frequency of the sound level produced by the

variability of the wind direction. For this reason,
the acoudtic study of vertical axis turbines is of
special importance for using them inside the city
and on the roofs of buildings. By reviewing the
previous literature, it can be seen that al studiesin
the field of acoustics of vertical axis wind turbines
have been about Darrieus rotors, and there is no
acoustic information about hybrid rotors among
these studies. In this article, for the first time, the
acoustic performance of Darrieus-Savonius hybrid
wind turbine is evaluated numerically, and the
results are compared in different conditions.
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Materialsand Methods

In the present study, the acoustic performance of a
hybrid wind turbine, conssting of two
conventional (semi-circular) Savonius blades- as
the inner rotor- and two Darrieus blades- as the
outer main rotor- has been investigated. In the
acoustic examination of the wind turbine, the
calculation of the produced sound level, which is
measured by the unit (dB), is of great importance.
To caculate the sound level produced, sound
recording receivers have been used at different
points of the computing domain.

To <solve the acoustic equations, the
aerodynamic eguations related to the flow was
first calculated. For this purpose, the Reynolds
Averaged Navier-Stokes method was used to
simulate the turbulent flow, and the SST k- was
applied to mode the Reynolds stress.
Alternatively, Ffowcs-Williams and Hawkings
(FW-H) equations were employed for acoustic
modeling. Discretization and solving of equations
were done with the help of Ansys Fluent. Ansys
Fluent software processed various acoustic
parameters and the related graphs by fast Fourier
transform of sound pressure signals.

In order to check the acoustic performance of
the hybrid wind turbine, different values of TSR
such as 1.5, 2.5 and 3.5 were tested for the hybrid
rotor. Calculations were made for two free wind
speeds of 5 and 10 m/s, where the corresponding
Reynolds number was based on the outer diameter
of the rotor, and the free wind speed was equal to
3.425x10° and 6.85x10° respectively.

Results

The results are shown through contours and
graphs related to acoustics. The contour of the
streamlines downstream of the hybrid rotor
indicated that with an increase in TSR value, the
streamlines were distorted, and, finaly, vortices
were formed at TSR=3.5. By examining the
receivers downstream of the rotor, it could be
understood that the sound pressure level reported

by the receivers haddecreased by moving away
from the rotor blades. This event in all TSR
maodes could be seen. In the following, the effect
of the tip speed ratio on the sound level produced
in the receivers was studied. The graphs of the
sound pressure level in a certain frequency range
showed that the lowest and highest sound levels
were produced a TSR= 15 and TSR= 35
respectively. Finaly, the effect of free wind speed
on the sound pressure level in all receivers was
depicted. The data showed that with an increase in
free wind speed from 5 to 10 m/s, the leve of
sound produced increased.

Discussion and Conclusion

In the present study, the acoustic behavior of a
hybrid wind turbine consisting of Darrieus and
Savonius blades (conventional type) has been
investigated. First, to validate the modeling, the
sendtivity of the results to the time step was
evaluated, and the optima mode was selected to
continue the calculations. In this article, the effect
of tip speed ratio, free wind speed, and the
distance of the receivers on the noise produced by
the rotor was studied numerically. In this regard,
the behavior of the hybrid rotor was simulated in
different conditions such as TSR = 3.5, 2.5, 1.5
and U, = 5 and 10 m/s. The obtained results
showed that the produced noise was highly
dependent on the formation of vortices, and with
the formation of vortices downstream of the raotor,
the produced sound level increased. In addition,
by moving away from the rotor at downstream,
the sound pressure level in the receivers
decreased. The tip speed ratio has had a direct
relationship with the sound pressure level so much
so that with an increase in TSR value, the
produced noise level has increased. Also, this
relationship has been established between the free
speed of the wind and the sound pressure level to
the extent that with an increase in the Reynolds
number, more noise has been produced.
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7. Ffowces Williams and Hawkings (FW-H)
8. Tip Speed Ratio (TSR)

9. Large Eddy Simulation

10. Sound Pressure Level (SPL)

11. Cut Ratio
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1. Azimuth Angle
2. Diffuser
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