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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 rotation 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
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performance of the Invelox wind turbine’s duct, the effect of placing a surface roughness in the inlet of  Keywords:

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
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to an increase in the efficiency of the invelox duct and increases the rate of energy extraction from the

turbine.

Wind Tunnel
Energy

Surface Roughness

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 of Invelox
wind turbine is its omnidirectional inlet, which regardless
of the direction of the airflow, has the required efficiency
for energy extraction. Allaei [1] introduced the concept of
the Invelox ducted wind turbine in 2013. The name Invelox
is a combination of the words “increase” and “velocity”.
Inspired by the design of wind deflectors in Yazd, this
turbine has a funnel-shaped axi-symmetric inlet duct which
is not dependent on the wind direction. After the air enters
from the inlet funnel while 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
in the 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 in the
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turbine inlet to enhance turbine performance and prevent
airflow leakage from the opposite side of the duct. In 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 the efficiency of the
duct.

2- Experimental Methodology

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

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
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Fig. 1. Invelox duct dimensions in this research

Fig. 2. Place of surface roughness at the inlet

sandpapers with different roughness were used (P400, P600,
and P800), where P400 sandpaper is the roughest and P800 is
the softest sandpaper. In Figure 2, the location of the surface
roughness can be seen (marked parts).

3- Results and Discussion

In this section, at first, the results related to the effect
of velocity on the throat velocity are examined. Then, the
effect of roughness is 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
speedinthe invelox ductare 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).

With the increase of the surface roughness, the velocity
profile in the throat and the exit opening keeps its form and
shifting along the +x direction. The velocity values increase
according to the increase of the surface roughness (figure 4).

Increasing the velocity and roughness of the surface affects
the intensity of disturbances; But the turbulence intensity
profile is the same, this increase in roughness does not have
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Fig. 5. Effect of roughness on turbulence intensity at 4 m/s

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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4- Conclusion

In the aerodynamic study of the Invelox wind turbine,
increasing the surface roughness at the inlet of the turbine
leads to an increase in 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. 1. Mechanism curtain plates to reduce air leakage and numerical modeling of air leakage in front of free
stream direction of the Invelox duct [4]
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Fig. 2. Dimensions and specifications of the Invelox duct
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Fig. 3. Location of surface roughness at the Invelox inlet
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Fig. 4. Open-circuit wind tunnel in Dana Laboratory
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Fig. 6. Detachable section (top image) and fixed section inside the wind tunnel (bottom image)
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Fig. 7. Placement of the Invelox duct in the wind tunnel
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Fig. 8. Velocity profile at the Invelox outlet at free-stream velocity of 4 to 6 m/s

2 sy dw Jolid Hldged Cyaods polde uwl o x o gl ST
Ol e | ceyu polie Cuond (! )0l ol &l Claise ja
Clacs pu 3 ol sanlio B dges ;1 4 Hebylen .l yiiy o]
5 g jl 538 5l an g0yl Dy MBS tmy o Coyu polie lo oS
0,S0es g 0uds Hai GBro blB day o s pdlie po OS] el o
P G Sl Copu Jdgyn 2lSKen | an Db e il dlaize
ol yudig 35T bys sy 5 Ao 3 YT/ 3gas dlaiore ol5lS
Gy gy dw yb Gl odaline BB A S (a8 b len

a bylys cpl o dasse 3 Slas 5 0ad Glate 0SS ol dn g

7 Cond s -F

P ey p oy GBI 4 byye gl Ll 3 (i50 ol
it (625 b odltr i b (25 Sl w295 00 (0 o5 oIS Joro
o «wlslazel caday baye Ll 5l edlinul b cuoleiy 5 48)5 )18
5 Sl gaw 5j g pis 5 ypa bulyd )3 jlaidyse Jore )5 polie
P9 o JoloS

sy ).’I -\ =¥
absioo olSglS )3 e pr p (6399 o g il BI S ise cpl )

9 3l ol Co g bl CasBge g Cam iy polie 9o (o)

Y.



WYE B AVYY docio VFF Jlo & oyl OF 093 «pusS prol CSilSlo wnbies &yt

15
X— V=7
1 V=8
v=9
ﬁ0.5 g :
S 3
>_ T ;‘ T T
s X
05
¢
1
15
0.65 0.85 1.05 1.25
V/V_inf

1.5
+-V=10
1 - V=11 +
V=12 £
><O.5
©
EI 0
t T v % T T
> 4
0.5 =
o
+
_1 +
-1.5
0.65 0.85 1.05 1.25
V/V_inf

Wil o 50 VY (JIY o g 3 SV ol (g5 aldd 40 Cas pu 43505 .4 JSUS

Fig. 9. Velocity profile at the Invelox outlet at free-stream velocity of 7 to 12 m/s
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Fig. 10. Effect of surface roughness on throat velocity of the Invelox at 5 m/s
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Fig. 11. Effect of surface roughness on throat velocity of the Invelox at 10 m/s
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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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