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ABSTRACT: 
 

Aims:Researchers are more and more focused on finding ways to optimize renewable energy 
sources. One of the more promising of these renewable energies is wind energy. However, these 
wind resources are very localized and selective. There is also significant potential for wind resources 
available at low densities or low wind speeds. The objective of this research is to exploit these 
resources. 
Methodology:To do so, this study proposes a new wind generating device coupled with a flow 
convergent in order to increase its performance at low wind speed. This new wind device is designed 
under Solidworks and analyzed with Matlab software. Several parameters are simulated. The effect 
of the pulley transmission ratio on the mechanical values of the generator, the impact of the 
operating gas in terms of angular velocity, power and torque on the generator shaft was clearly 
determined. 
Results:It appears that the power at the input of the wind device is multiplied by the square of the 
ratio of the output and input velocities, the flow passing through the convergent being constant. The 
torque on the generator decreases with the increase of the transmission ratio while its speed 
increases. However, for a fixed transmission ratio, the speed remains constant while the torque and 
power increase with the speed at the inlet of the convergent. On the other hand, it is noted that, the 
lower the adiabatic coefficient of the gas used, the higher the power generated. 
Conclusion:When used with a wind device, the output parameters of the convergent will result in 
better mechanical efficiency, which greatly improves electrical power generation. 
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NOMENCLATURE 
௧࣪௛௘௢ :  theoretical power at the convergent input(ܹܽݐݐ) 
௥࣪௘௖௢௩௘௥௔௕௟௘ : Recoverable power at the convergent output (ܹܽݐݐ) 

݉̇௠௔௫ : maximum mass flow(݇݃. ℎିଵ) 
ܷ௠௔௫ : maximum flow velocity(݉.  (ଵିݏ
 (ܰ)௧௛é௢ : theoretical force on the bladesܨ
ܴ : disc radius + arm length + blade diameter (݉݉) 
Ω஽ : disc angular velocity (݀ݎ.  (ଵିݏ
 (݉.ܰ)௧௛௘௢ܨ௢ : moment ofܯ
ܰீ௉ : large pulley rotation speed(ݏݎݐ.݉݅݊ିଵ) 
ܰ௔௫ : small pulley rotation speed(ݏݎݐ.݉݅݊ିଵ) 
ܴீ௉ large pulley radius (݉݉) 
ܴ௉௉  : small pulley radius (݉݉) 
 (݉.ܰ) ௔௫ : torque on the axis of the generatorܥ
 adiabatic coefficient : ߛ



 

 

 
1. INTRODUCTION: 
 
The world’s need for energy and electrical power continue to grow. As fossil fuel reserves 
are depleted, attention has shifted to renewable energy production to make human energy 
use and demand more sustainable. Several factors are driving this trend. Additionally, the 
unprecedented effects of climate change and global warming are driving a more rapid 
response. The energy of the future encompasses renewable energy resources for 
sustainable environmental protection and economic development. These are useful energies 
that renew themselves naturally, including solar energy, biomass, geothermal energy, hydro 
energy, and wind energy. Among these resources, wind has become one of the main energy 
opportunities for the massive production of electricity. 
 
In most cases, wind turbines are primarily used to convert the kinetic energy of moving air 
into rotating mechanical energy that is converted into electrical energy by generators [1]. The 
energy produced by wind turbines generally depends on the geographical location, weather 
conditions and the type of turbine [2]. According to their configuration and orientation, they 
can be categorized as horizontal axis wind turbines (HAWT) or vertical axis wind turbines 
(VAWT) [3]. Several studies have compared these two types of wind turbines and 
highlighted the advantages and limitations of each type [4,5]. 
 
HAWTs allow for higher energy efficiency and therefore lower cost of energy produced, but 
this is only possible at high wind speeds. In addition, turbulence, variations, or excessive 
directional variability of the wind can cause significant problems in the use of HAWTs. On 
the other hand, VAWTs have demonstrated their ability to meet certain power generation 
requirements that cannot be met by HAWTs [5]. Despite the lower efficiency and variable 
output of VAWTs, various advantages of VAWTs that could outweigh their limitations are 
evidenced, especially under certain circumstances. Specifically, VAWTs are almost capable 
of harnessing wind in all directions, so they can operate regardless of the wind direction. In 
fact, these turbines do not require high wind speeds to produce energy. Therefore, they can 
be installed in locations with modest wind speeds and can be mounted close to the ground, 
which facilitates maintenance and control. On the other hand, since they generate lower 
forces on their supporting structure, their structural design is simpler, and they are less noisy 
[4]. Similarly, VAWTs can be a promising solution for power generation in remote locations 
away from integrated grids [6].  
 
Basically, there are several design variants of wind devices depending on the operating 
principles, blade shape and configuration. A comprehensive review of these different types 
and their performance has been presented in [6, 7]. Thus, there are cross-flow wind turbines 
[8], with power augmentation devices such as the stator, guide vanes and nozzles [9], flow 
convergent [10], symmetrical box [11], has rows of guide vanes [12], omnidirectional guide 
vanes (ODGV) [13], wind booster [14].  
 
Several scientific works have addressed the evaluation and improvement of wind turbine 
performance over the last two decades. The performance of different wind turbine designs 
and configurations as well as the effect of design parameters have been studied using 
various approaches. Other research teams have used field experiments to study the effect of 
certain wind variables such as wind speed, wind direction and turbulence intensity [15, 16]. 
In terms of improving the characteristics of wind turbines, various design modifications and 
optimizations as well as innovative design ideas have been investigated. The influence of 
blade shape parameters on self-starting and energy extraction efficiency has attracted 
scientists’ attention [17–20]. However, others have focused on improving the performance by 
using composite blades [21, 22]. In addition, the effect of the number of blades used in some 



 

 

turbines has also been studied [16]. Moreover, some researchers have focused on the use 
of different turbine blade configurations, such as the cross-axis turbine proposed in [23]. Still 
others have promoted the use of different wind guidance devices to improve the 
performance of the turbine, such as guide vans, windscreens, and baffles. A comprehensive 
review of these devices and their effect on self-starting ability as well as power generation 
has been provided in [24]. 
 
In this study, a flow convergent is mounted on a wind device to improve its output 
parameters. Several design variations including various convergent arrangements were also 
performed to investigate the effect of maximum power output. The optimal design of the 
blade disk and the flow convergent leads to a better configuration between the wind flow and 
the receiving face for continuous rotation and thus higher efficiency. 
 
2. MATERIAL AND METHODS  
 
The wind prototype, as well as its functioning, are outlined in this section. The various 
simulation parameters are presented. 
 
2.1 Modeling 

 
The solid model of the wind device prototype is designed in SolidWorks according to the 
desired output parameters. The following fig. 1 represents the different parts of the device, 
mounted in operating condition in the laboratory. 

 

Fig. 1: Mechanical model of the convergent flow wind device 
1- Support 
2- (2) bearings 
3- Shaft 
4- Solid cylindrical disc 
5- Torr iron arms 
6- Sheet metal blades 
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7- Driven pulley attached to the axis of a motor 
8- Driving pulley 
9- Power transmission belt between pulleys 
10- Generator 
11- (2) Convergent 
12- (2) fans delivering an airflow 
 
A fan delivers an appropriate wind flow. In relation to the density of the air and the large 
cross-section of the convergent, this results in a wind speed that is brought to a given 
maximum, if the choice of the cross-sections of the convergent respects [10]. Assuming that 
the device generates losses that do not exceed those evaluated by Betz, the recoverable 
power has the following theoretical form: 
 

௧࣪௛௘௢ = 16 27⁄ . ௥࣪௘௖௢௩௘௥௔௕௟௘ = 8 27⁄ ݉̇௠௔௫ܷ௠௔௫ଶ  
 
The instantaneous effects of this power are a force exerted on the blade and a moment 
applied to the device given respectively by:  
 

௧௛௘௢ܨ = ௧࣪௛௘௢ ܷ௠௔௫⁄ = 8 27⁄ ݉̇௠௔௫ܷ௠௔௫ 
 

௢ܯ = ௧௛௘௢ܨ .ܴ 
 
where R is the length (5), of the torr iron arm plus the radius of the disk, plus the diameter of 
a blade (4). 
 
The shaft (3) of the device is thus driven in rotation in the bearings (2). The rotation of the 
shaft (3) leads the driving pulley (8) which transmits the power of the driven pulley (7) via the 
belt (9). In this way, the generator (10) is driven to produce electrical energy.  
Previously published research [10] has demonstrated the efficiency and wind speed 
multiplication that the convergent bring to the wind device. For selected sections, there is a 
multiplication of the order of more than 10 times the input speed at the exit of the 
convergent.  
 
It should be mentioned that, except for the conditions of the generating state imposed by the 
fan, the only way to set a given power to the device, results from the choice of the section ܣ∗ 
of the collar or of the critical section. In practice, this section will be that of a blade. Once ܣ∗ 
is chosen, the cross-sectional area ܣ can be calculated [10]. 
 
2.2 Torque and angular velocity on the generator shaft 

 
The theoretical power is transmitted to the generator shaft as follows. 
The angular velocity of the disc: 
 

Ω஽ = ௧࣪௛௘௢ ⁄௢ܯ  
 
The angular velocity of the disc and also of the large pulley is:  
 

௅ܰ௉ =
30
ߨ Ω஽ 

 
The angular velocity on the generator shaft: 
 

(1) 

(2) 

(3) 

(4) 

(5) 



 

 

ܰ௔௫ =
ܴீ௉
ܴ௉௉

ܰீ௉ 

 
The torque on the generator shaft: 
 

௔௫ܥ =
30
ߨ . ௧࣪௛௘௢

ܰ௔௫
 

 
The power of the generator shaft: 
 

௔࣪௫ = ௧࣪௛௘௢ 
 
2.3 Operating gas impact 

 
It is remarkable that, from all the above, the quality of the operating gas (air), is crucial in the 
results obtained. Therefore, it becomes interesting to review the results obtained with regard 
to other gases available in nature that could, in one way or another, be substituted for air. 
The growing need for energy should not allow for any negligence whatsoever.   
 
It is important, before going further in the investigations, to present a table of the 
thermodynamic parameters of some common gases. 
 

Table 1: Values of some thermodynamic constants of several gases. 
 

Gaz Mass (݇݃ ⁄݈݁݋݉݇ ܬ)௣ܥ ( ݇݃ ⁄⁄ܭ ܬ)௩ܥ ( ݇݃ ⁄⁄ܭ ܬ)ݎ ( ݇݃ ⁄⁄ܭ  ߛ (
Air 28.97 1005 718 287.1 1.4 

Water vapor (ܪଶܱ) 18.02 1867 1406 61.4 1.33 
Methane (ܪܥସ) 16.04 188,9 1687 518.7 1.32 

Carbon dioxide (ܥ ଶܱ) 44.01 846 653 188.9 1.3 
Ethylene (ܥଶܪସ) 28.05 1548 1252 296.4 1.24 
Acetylene (ܥଶܪଶ) 26.04 1712 1394 319.6 1.23 

Ethane (ܥଶܪ଺) 30.07 1767 1495 276 1.18 
Propane (ܥଷ଼ܪ) 1.12 188.3 1507 1692 44.09 

Isobutane (ܥସܪଵ଴) 58.12 1758 1620 143.1 1.09 
Octane (ܪ଼ܥଵ଼) 114.23 1711 1638 72.8 1.04 

 
2.4 Use of the device in an environment 

 
For this case, the minimum wind speed at the site is expected and the wind direction will 
also be considered. With the choice of the convergent, it is simply necessary to adapt the 
device. It will be required however, to take care to place the opening of the convergent in the 
direction of the wind. 
 
If, in order to ensure an unbiased operation of the device, it is decided to have two or three 
convergents, the device will be slightly modified to consider the wind direction. This would 
lead to the scheme below (Fig. 2). 

(8) 

(6) 

(7) 



 

 

 
Fig. 2: Device with 3 convergents used in environment 

The scheme in Fig. 2 is suitable for exposure at an appropriate site. It will be necessary, 
however, to make a proper calibration of the device. A power level must be installed in 
relation to the site's speed threshold to ensure a minimum energy supply. 
 
2.5 Pressure losses in the bent convergent 

 
Modifying the second convergent to fit the device is a matter of determining the proper 
radius of curvature that would minimize the pressure drop. Wiesbach's relationship for large 
opening round bends is intended as an expression of the singular pressure drop coefficient 
as a function of radius of curvature, angle, and outlet diameter. It is expressed as follows: 
 

ܭ =
ߙ
ߨ
൤0.131 + 1.847൫ܦൗܴ ൯

଻
ଶൗ ൨ 

 
It is established for some operating conditions and from a Matlab program the figures below: 
 

(9) 



 

 

 
Fig. 3: Variation of the pressure loss coefficient for હ = ૚૚.૛૞° 

 

 
Fig. 4: Variation of the pressure loss coefficient for હ = ૜૙° 

 
From Fig. 3 and Fig. 4, it can be simply found the minimum pressure loss coefficient for the 
cases studied. These values are reported in the table 2 and table 3 for different value of ߙ. 
 

Table 2: Radius of curvature and pressure loss coefficient values for ࢻ = ૚૚.૛૞° 
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Angle 11.25°		ݎ݋		 ߨ 16⁄  
R 13 15 17 19 21 23 25 27 29 31 33 
K 0.05

43 
0.03
61 

0.02
62 

0.02
04 

0.01
68 

0.01
44 

0.01
29 

0.01
18 

0.01
10 

0.01
04 

0.01
00 

 
Table 3: Radius of curvature and pressure loss coefficient values for ࢻ = ૜૙° 

 
Angle 30°		ݎ݋		 ߨ 6⁄  
R 13 15 17 19 21 23 25 27 29 31 33 
K 0.14

47 
0.09
63 

0.06
99 

0.05
44 

0.04
48 

0.03
85 

0.03
43 

0.03
14 

0.02
92 

0.02
77 

0.02
65 

 
It can be noticed that for a fixed radius of curvature, the pressure loss coefficient increases 
with the angle. Similarly, for a fixed angle, the pressure loss coefficient decreases as the 
radius of curvature increases.  
The choice of a configuration depends on economic, technical and technological constraints, 
but especially on the desired level of pressure drop. 
With this configuration of convergents, one can estimate the overall power that the device 
provides at the output. Knowing that the right convergent delivers a power ௧࣪௛௘௢, the bent 
convergents will deliver a power (1 (ܭ− ௧࣪௛௘௢. The global power of the device at the output 
will be: 

௚࣪௟௢௕ = 	 (3− (ܭ2 ௧࣪௛௘௢ 
 
The gain obtained in this device is mainly acquired at the convergent where the ratio of 
output and input powers is given by the expression: 
 

௧࣪௛௘௢_௢௨௧௟௘௧

௧࣪௛௘௢_௜௡௟௘௧
= ൬

ܷ∗

଴ܷ
൰
ଶ

 

 
with ܷ∗and ଴ܷ the velocities at respectively the outlet and the inlet of the convergent.  
 
This equation above is justified by the fact that the flow rate remains constant in the 
convergent as soon as the threshold of the critical point is not crossed [10]. Indeed, beyond 
this point, shock waves appear, and important discontinuities are observed in the distribution 
of the flow parameters. 
 
3. RESULTS  
 
An advanced Matlab program was used to produce the mechanical values of the generator. 
Taking for air, (γ=1.4) and setting (U0=4 ms-1), the following curves are drawn in Excel. 
 

(9) 

(10) 



 

 

 
 

Fig. 5: Effect on generator torque as a function of the pulley ratio 
 

 
 

Fig. 6: Effect on the angular speed of the generator as a function of the pulley transmission 
ratio 
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Fig. 7: Effect on torque and angular velocity as a function of speed at the convergent inlet 
 

 
 

Fig. 8: Effect on torque and power as a function of speed at the convergent inlet 
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Fig. 9: Variation of the ratio of the critical diameter to any diameter for velocities at the 
convergent inlet. 

 
Another numerical simulation from Matlab program shows that the values of the mechanical 
characteristics of an electric generator can be obtained for a given gas. By replacing (γ) with 
its value for different gases, it was possible to recover the expected angular velocity, torque, 
and power on the axis of an electric generator. 

 

 
 

Fig. 10: Classification of angular velocities on the generator shaft for different gases 
according to the speed available at the convergent inlet 
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Fig. 11: Classification of the torques on the generator shaft for different gases according to 
the speed available at the convergent inlet. 

 

 
 

Fig. 12: Classification of the powers of the generator shaft for different gases according to 
the speed available at the convergent inlet. 

The results obtained are discussed and analyzed in the following section. 
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4. DISCUSSION 

Fig. 5 and Fig. 6 show that the torque on the shaft decreases with the transmission ratio 
while the angular speed increases. As for Fig. 7, it shows that for a given ratio, the angular 
speed remains constant and that the torque increases with the speed of the convergent inlet. 
On the other hand, Fig. 8 shows that torque and power increase with the wind speed at the 
convergent inlet. The evolution of Fig. 9 shows a continuous increase in the ratio of the 
diameters of the speeds available at the entrance of the convergent. This means that the 
device will be very bulky when the installation of high-power plants is considered. However, 
this space requirement will be of a completely different nature. It will be horizontal against 
the verticality of the traditional wind turbines.  
 
As for Fig. 10, it had already been shown (see Fig. 7) that the angular velocity of the 
generator shaft does not depend on the wind speed available at the convergent inlet, but 
only on the transmission ratio of the pulleys. Therefore, the horizontal aspect of the curves is 
well justified. On the other hand, what is interesting to observe in Fig. 10 is the stratification 
of the different curves. It can be seen that the lower (ߛ), the higher the speed collected on 
the shaft. 
 
Two observations can be noted on Fig. 11: on the one hand, the torque on the generator 
shaft increases with the available wind speed at the convergent inlet. On the other hand, for 
the same wind speed at the convergent inlet, the torque is higher when (γ) is low. More 
concretely, Air (γ=1.4) would produce the same wind speed, a lower torque on the generator 
shaft than by ethane (γ=1.18) in the same condition. 
 
From all that has just been shown, there is no longer any doubt that the powers collected on 
the generator shaft should be based on the same logic, i.e., the more (γ) is low, the higher 
the power released. This is what Fig. 12 shows. If, for example, there is a source of 
production of methane, or a deposit of this gas, it would be possible, by its implementation, 
to actuate a generator much more powerful than if it were aired, thus a production of electric 
energy much greater. 
 
With these observations, it appears that it is now possible to make a given generator turn at 
its operating point. It will suffice to realize the speed of the operating point by a judicious 
choice of the transmission ratio by referring to equation (6), all things being equal. 
 
The results obtained can be related to the work of other researchers. Indeed, Elbatran et al. 
[25] proposed six new ducted nozzle systems to increase rotor efficiency. Their results 
showed that the new designs helped to increase the velocity, increase the pressure 
difference to allow more flows to pass through the turbine, reduce the negative torque of the 
return blade, and finally improve the extracted power. The results of Mohammadi et al. [26] 
showed a complete agreement with the results of Elbatran et al. [25] with a power extraction 
three times higher than the conventional rotor without nozzle. We can also highlight the 
results of Chen et al. [27], who studied the effect of wind deflectors on a parallel matrix 
system of Savonius rotors. Their results showed that the performance of the system was 
increased by 16% when the deflector system was used. 
 
5. CONCLUSION 
 
Wind turbines are a valuable source for small-and large-scale power generation today. Low 
efficiency, negative static torque and self-starting problems are some of the problems faced 
by different types of turbines. Power augmentation devices have shown an effective solution 
to overcome these drawbacks. 



 

 

 
This study attempts to analyze the effect of a flux convergent on an experimental wind 
device in terms of angular velocity, torque, and power output. The main findings are as 
follows: 
 
i. The air convergent (with different input and output sections) used on the device increases 

the output speed by around ten times the input speed [10]. 
 

ii. The torque on the generator shaft decreases with the transmission ratio while the angular 
velocity increases. 
 

iii. The angular velocity on the generator shaft does not depend on the wind speed available 
at the convergent input, but only on the transmission ratio of the pulleys. 
 

iv. The torque on the generator axis increases with the wind speed available at the 
convergent inlet. For the same gas velocity at the convergent inlet, the torque is higher 
when (γ) is low. Also, the lower (γ) the higher the power output. 

 
v. The device can be trimmed to the power to be delivered by the generator. The wind speed 

through the fan flow being known, it is then necessary to define the dimensions of the 
convergent by the choice of its small section and the calculation of the large one [10]. 
Then, the transmission ratio of the pulleys must be chosen to obtain the speed of the 
operating point, and everything is done. 
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