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ABSTRACT

Today, many effortsthave been done to extract power from wind energy and increase the efficiency of wind
turbines. The energy extractionstarted with blade rotaion in wind turbines. Ducted wind turbines are turbines
in which the airflow is directed towards,the turbine blades using a built-in duct. The Invelox wind turbine is one
of the ducted wind turbines, which directs'the airflow towards the throat of the duct where the turbine is. In this
research, an experimental study has been.conducted on the Invelox wind turbine to improve the performance
and efficiency of the turbine’s duct. Also, to check the performance of the Invelox wind turbine’s duct, the effect
of placing a surface roughness in the.inlet of the duct has been investigated for flow control. According to this
research, adding a suitable roughness in invelox leads to a 7% increase in the local velocity at the throat of the

invelox wind turbine. This leads to increase the efficiency of the invelox duct and increases rate of energy
extraction from the turbine.
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1. Introduction

Today, electrical energy has become an integral part
of people's lives. After solar energy, wind is the most
important renewable energy. With wind turbines, wind
energy can be converted into electrical energy. The
Invelox wind turbine is a new type of ducted wind turbine
that concentrates the airflow inside and increases speed.
The benefit ofy Invelox wind turbine is its omni-
directional inlet, which regardless of the direction of the
airflow, has the required efficiency to for energy
extraction. Allaei«"[1] introduced the concept of the
Invelox ductedswind turbine in 2013. The name Invelox
is a combination of the words)* increase” and
“velocity”. Inspired bysthe design of wind deflectors in
Yazd, this turbineshas “a, funnel-shaped axi-symmetric
inlet duct which is not dependent onithe wind direction.
After the air enters from the inletfunnelywhile increasing
the speed, airflow is directed«to the nozzle-diffuser. The
turbines are situated within the nozzle-diffuser, where the
kinetic energy of the airflow is converted into mechanical
energy. In continuation of his research [2] in 2015; Allaei
investigated the effect of installing several generators
instead of one generator. In this research, he concluded
that by placing two or three generators inithe throat of the
turbine, more energy can be received from the duct.
Anbarsoz et al. [3], in 2018, investigated the
aerodynamic impact of installing curtain plates insthe
turbine inlet to enhance turbine performance and prevent
airflow leakage from the opposite side of the duct. An
order to increase the flow rate of the inlet air by
preventing air leakage from other inlets, grid-shaped
plates are used. According to the results obtained in this
research, an average of about 25% increase in speed is
achieved due to the placement of the curtains. Noori et
al. [4], in 2021, investigated an Invelox wind turbine
experimentally. In this research, the local velocity
increase in the throat of the Invelox wind turbine duct has
been observed and investigated.

To evaluate the aerodynamic performance of the
turbine, this research focused on comparing velocity
measurements at the throat and exit of the duct. Then, the
effect of surface roughness at the inlet of the invelox duct
has been investigated by placing a roughness at the inlet
of the duct to increase the amount of disturbances and
increase efficiency of the duct.

2. Experimental Methodology

The dimensions of the geometry can be seen in the
figure 1. The geometry includes upper funnel, lower
funnel, guide vanes and nozzle-diffuser.

o
28.0cm

Figure 1. Invelox duct dimensions in this research

The effect of surface roughness at the inlet on the
performance of the wind turbine has also been studied
experimentally. To change the surface roughness, three
sandpapers with different roughness were used (P400,
P600 and P800), where P400 sandpaper is the roughest
and P800 is the softest sandpaper. In the figure 2, the
location of the surface roughness can be seen (marked
parts).

Figure 2. Place of surface roughness at the inlet

3. Results and Discussion

In this section, at first, the results related to the effect
ofwelocity on the throat velocity are examined. Then, the
effect of roughness:s determined by installing sandpaper
with different< roughness, and finally, using the
relationships related to the turbulence intensity values are
calculated. These values are analyzed in the desired
location in the presence and absence of surface
roughness.

According to the extracted results, the rate of increase
in speed in the invelox,duct are”investigated and the
dimensionless speed profile converges over time and
approaches a constant value. In this place, the.turbine is
placed to extract energy (figure:3).
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Figure 3. Velocity profile from 4 m/s to 12 m/s

velocity profile In the throat and the exit opening keeps
its form and shifting along the +x direction. The velocity
values increase accordingstosthe increase of the surface
roughness (figure 4).
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Figure 4. Effect of roughness on velocity profile at 10 m/s

atfects the Intensity of disturbances; But the turbulence
intensity profile is the same, this increase in roughness
does not have much effect on the turbulence intensity and
the flow is still turbulent. The stability of the turbulence
intensity profile at different points of the throat
represents the deviation of the velocity vector from the
uniform flow (figure 5).
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Figure 5. Effect of roughness on turbulence intensity at 4 m/s

4. Conclusion

In the aerodynamic study of the Invelox wind turbine,
increasing the surface roughness at the inlet of the turbine
is lead to increase the velocity inside the duct. However,

a sufficient degree of surface roughness is required to
achieve a notable velocity increment. In this study, the
addition of roughness has led to a 7% increase in the
maximum velocity at the throat with appropriate
roughness. To further improve the Invelox duct,
alternative methods can be explored. For example,
increasing the input mass flow rate to the duct by
changing the geometry of the inlet is one of the ways to
increase the performance of the Invelox wind turbine.
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Fig. 7. Placement of the Invelox duct in the wind tunnel
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Table 1. Comparison of surface roughness effect on throat velocity of the Invelox
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Fig. 12. Turbulence intensity profile along the normal direction at the throat of the Invelox at 4 m/s
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Table 2. Comparison of measured free-stream velocities with reference velocities
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Aerodynamics and surface roughness study on
Invelox wind turbine
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ABSTRACT
Today, many efforts have been done to extract power from wind energy and increase the efficiency of wind

turbines. The energy extraction started with blade rotaion in wind turbines. Ducted wind turbines are turbines
in which the airflow is directed towards the turbine blades using a built-in duct. The Invelox wind turbine is one
of the ducted wind turbines, which directs the airflow towards the throat of the duct where the turbine is. In this
research, an experimental study has been conducted on the Invelox wind turbine to improve the performance
and efficiency of the turbine’s duct. Also,to check the performance of the Invelox wind turbine’s duct, the effect
of placing a surface roughness in the inlet of the duct/has been investigated for flow control. According to this
research, adding a suitable roughness in invelox leads to a 7% increase in the local velocity at the throat of the

invelox wind turbine. This leads to increase the gfficiency of the invelox duct and increases rate of energy
extraction from the turbine.
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