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Abstract

The course of altering “wind flow energy” into mechanical energy by means of two coun-
ter-rotating wind helms is considered in this article. Mechanical energy is then trans-
formed into electrical energy in a generator where the carcase and the inductance switch
are in reverse order. This counter-rotation principle increases the relative speed between
the magnetic field and the armature, thereby improving the overall efficiency of energy
conversion. The key purpose of this investigation is to advance an effective power source
system for independent customers grounded on a specifically planned wind power enter-
prise with an improved wind energy use constant. The emphasis of the paper is to fix the
best strategy parameters of the wind turbine by performing mathematical modelling of
the electricity generation process based on the counter-rotation principle and the devel-
oped physical prototype. In order to evaluate the key performance parameters for efficient
power supply to autonomous consumers, agriculture experimental studies were con-
ducted on the prototype. The key project and techno-economic dials comprised the opti-
misation of wind power enterprise data, wind helm extents, their comparative placement,
and producer control production as purposes of the predictable wind rapidity. The prac-
tical implementation of the proposed design was demonstrated by patents granted for a
wind generator with variable rotor torque (Patent of the Republic of Kazakhstan No.
36903; Eurasian Patent No. 047230). The results demonstrated that the developed wind
turbine achieved higher energy efficiency compared to the conventional single-rotor sys-
tems. Thus, the proposed design is suitable for applications in alternative energy and de-
centralised power supply for remote agrarian customers.

Keywords: alternative energy; electric power; wind turbine; autonomous power supply;
renewable sources wind power
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1. Introduction

The rising use of electricity in engineering making in the Republic of Kazakhstan has
made it crucial to decrease prices in the power source system [1]. This issue is particularly
important for self-directed (off-grid) customers and the agricultural sector, where electric-
ity demand is often seasonal, resulting in increased energy costs [2].

Partially replacing fossil fuels with renewable energy sources offers a practical solu-
tion [3,4]. The climatical and natural settings of the Republic of Kazakhstan offer construc-
tive openings for the effective exploitation of wind energy [5,6].

One promising solution to this challenge is the development of a specially designed
wind turbine. A novel principle is proposed in this study. At this time the carcase and
inductance of the generator are determined by detached counter-rotating wind helms. The
innovation of this investigation is promoted by the “Patent of the Republic of Kazakhstan
No. 36903” (Application No. 2023/0313.1. dated 8 November 2024) [7,8].

Several studies and patents have reported developments aimed at improving wind
turbine performance [9-11]. Much of the research on aerodynamic enhancement has fo-
cused on reducing the slog constant to advance the lift-to-drag proportion of air halts. For
example, Abdulkareem et al. [12] examined the aerodynamic concert of an air foil
equipped with wedge-shaped tails on both sides, applied to vertical-axis wind turbines
(VAWTSs). They successfully optimised the height-to-length ratio of the wedge tail, achiev-
ing maximum aerodynamic performance, where the lift coefficient was increased by more
than 38% and the lift-to-drag ratio by 28.8%. Similarly, Azadani et al. [13] showed that
increasing the blade aspect ratio improved the power coefficient of a straight-bladed ver-
tical-axis wind turbine. Their results showed that the relationship between power output
and the blade aspect ratio was dependent on turbine solidity.

Most of the related research has focused on addressing specific technical issues. A
recent review highlighted key challenges faced by power system operators, including
evolving grid code requirements for fault ride-through capability, synthetic inertia, and
fast frequency response. The review also presented potential solutions from various tech-
nologies, such as “battery energy” storing arrangements, flywheels, electric vehicles, keen
loads such as heat pumps, and de-loaded wind turbines. The authors concluded that
achieving secure operation with very high or 100% renewable energy generation required
rethinking grid codes and market mechanisms. They emphasised that coordinated contri-
butions from multiple technologies were essential, as no single solution could address all
stability challenges [14].

Due to their intermittent nature, renewable energy sources require efficient storage
systems or supplementary conventional energy sources. For example, in Romania, wind
and solar power could potentially meet up to 40% of annual electricity demand [15]. Wind
and solar resources are particularly affected by seasonal variations. Design parameters
and control strategies are of great importance in renewable energy systems, particularly
in wind power applications. Hybrid PV/wind systems have been proposed for off-grid
regions. Nsafon et al. [16] examined the optimisation of wind turbine hub height and PV
tilt angles. Their results showed improved system reliability and reduced “greenhouse
gas releases”.

The chief problem of conventional wind turbines is their narrow operating wind
speed range, generally between 3-6 m/s (cut-in) and 11-25 m/s (valued power) [17].

A typical wind power plant has a cut-in wind speed of 2-3 m/s, at which the rotor
begins to rotate, and a rated wind speed at which the generator delivers its nominal power
output [18,19]. At wind speeds exceeding 25 m/s, protective measures are required to pre-
vent structural harm. It is essential to border the rotor rotational rapidity using electrical
braking (e.g., ballast resistors) or mechanical techniques, such as adjusting the blade angle
of bout or applying inflexible locking mechanisms [9,20].
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Small wind turbines have several characteristics that limit their effectiveness in low
wind speed conditions [21-23]. Madrofiero et al. [24] reviewed the most influential factors
affecting SWTs’ performance outside their optimal wind speed ranges. In addition to their
narrow operating wind speed range, their analysis of different SWT models revealed a
predominance of fixed-pitch rotors with simple blade geometries (constant twist and
chord distributions in many cases). These features lead to reduced aerodynamic efficiency
atlow wind speeds. Furthermore, small rotors typically operate at low Reynolds numbers,
which exacerbates these limitations because of the creation of laminal parting suds on
conventional air foils. This phenomenon causes early flow separation, reduced lift, and
substantially increased drag. Most models rely on passive yaw and fixed-pitch control,
offering limited adaptability to fluctuating or weak winds compared with more advanced
active pitch systems. Consequently, in wind regimes characterised by narrow distribu-
tions and frequent wind speeds below the cut-in threshold, these turbines exhibit low ca-
pacity factors and reduced annual energy production, making them less viable in subop-
timal sites [25-27].

Various mechanical concepts have been described for the enhancement of the perfor-
mance of small wind turbines. For instance, Vashchenko and Sokolov [28] described a
device (Patent RU 2518783) in which the bloc of the wind spin rotor is aligned with the
airstream course. In this device, the generator is driven through a planetary gearbox pow-
ered by two wind wheels (external and internal) sharing a common axis and capable of
counter rotation. Despite this advantage in energy capture, their model has several signif-
icant drawbacks, including a complex and costly transmission system, the need for syn-
chronisation of mechanism elements and a specialised apparatus for engineering a uni-
versal device, spread losses and abridged efficacy, the necessity for precautionary conser-
vation of a motorised spread, and sensitivity to climatical situations, such as seasonal lu-
brication requirements, etc.

Herein, the device investigated uses a counter-rotating wind wheel configuration, as
detailed in the presented patent [7]. This “wind generator” has a bloc of spin associated
with the wind course, joining two counter-rotating wind helms. One helm is linked to the
generator blade, though the additional is attached to the stator coil. The blade chute is
located inside a hollow external stator coil chute furnished with blunder rings for flow
gathering. The outer shaft is mounted to the nacelle via bearing supports. In addition,
electrical energy making can be improved by means of wind helms with a minor brushed
part and briefer blade span. This results in reduced weight and dimensions, as well as
enhanced structural reliability. Consequently, the wind generator can achieve its rated
power output at lower wind speeds. Moreover, the proposed system requires no synchro-
nisation mechanism and is relatively simple to manufacture and maintain.

Particularly in remote agricultural areas, the incorporation of wind control plants
into remaining power source apparatuses is both practical and essential for their wide-
spread adoption [29-32]. A wide range of wind turbine generator technologies has been
developed to satisfy various operational requirements [18,33,34]. Furthermore, numerous
system configurations and electrical solutions have been proposed for incorporating wind
power plants into electrical networks serving agricultural consumers [35—41].

The proposed wind turbine design provides more efficient use of wind energy and
allows mechanical energy making at small wind rapidity. However, the chief strictures
have not yet been adequately examined. Consequently, it is essential to progress con-
sistent means for their purpose and optimisation, taking into justification the received
wind energy and the general working manner of the connexion.

In this paper, it was significant to assess the impact of wind current on the process of
the counter-rotating wind helms and the contact amongst them. “Horizontal-axis wind
turbines” are now the most extensively utilised in the industry, accounting for approxi-
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mately 90% of the global fleet. However, conventional designs have several critical disad-
vantages: a limited operating wind rapidity variety, very low efficiency at wind speeds
below 4 m/s, and the need to shut down during strong gusts exceeding 25 m/s [42—44]. In
addition, reliability issues arise at high wind speeds, where large aerodynamic loads act
on the blades. These loads cause accelerated mechanical wear and increase the risk of sys-
tem failure. Consequently, higher loads lead to reduced overall system reliability [45-49].

From an economic perspective, the most promising approach is not the development
of entirely new installations but rather to modernise the conventional horizontal-axis con-
figuration. This principle forms the basis of the present work.

To expand the operating wind speed range, a new scientific and technical solution
based on a specially designed wind turbine is proposed, incorporating an innovative op-
erating principle. The key feature of this design is the use of a second wind helm put on
the generator stator.

2. Materials and Methods
2.1. Wind Turbine Design

The investigation offers an advanced project of a “wind generator with counter-ro-
tating wind helms”. The distinctive traits of this project are the positioning of 2 wind
helms within the same airflow, rotating in opposite directions. Each wind wheel inde-
pendently drives either the generator armature or the inductor, resulting in counter rota-
tion of the generator’s active components.

In accordance with our project objectives, project certification was advanced for a
laboratory-scale sample of this explicit wind turbine. The general scheme of the dual wind
wheel design, showing the rotating inductor and generator armature, is shown in Figure
1 for both configurations: folded (non-extended) and open blades (extended).
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Figure 1. Technical drawing layout of the “wind generator” with 2 counter-rotating wind wheels.
Two configurations are shown: with the blades folded (3 blades-3 blades) and with blades open (3
blades—6 blades).
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The device’s project comprises 2 “wind wheels”, 1 linked to the stator coil and the
2nd to the blade bloc, a metal base, and a current gathering system. Throughout the trials,
a laboratory-scale investigational model and a semi-industrial sample were utilised. The
investigational inquiries established the notional upsurge in the electrical energy genera-
tion. In rehearsal, the projected project is envisioned for high-efficiency electrical energy
manufacture at low wind rapidity.

Table 1 demonstrates the industrialised requirement of project certification for the
assemblage of this precise wind farm project.

Table 1. Conditions and chief organisational mechanisms of the planned wind generator system.

Pos. Designation Qty Mass Units kg
1 Edge collected from a metal shape 20 x 20 x 2 (1,5) 1
5 Edges 1, with the option of recounting from 3 to 6 components, switch the bloc of the 10 1
wind generator
3 Edges 2, deprived of the option of recounting, 3 components, switch the stator coil of the 1
wind generator, are involved to generator covering
4 “The wind generator stator coil” 1-5 -
5 Descending interaction chunk 1
5.1 2 interaction rings
5.2 2 descending links
5.3 Stage for installation descending links
6 Bloc of the “wind generator”, completed M10 cylindrical lining 1
7 Air chains, shot the bloc of the wind generator, with the option of spin 3
8 Jumper, completed of a metal shape 40 x 20 2
9 Edge portable component 1

Numerical modelling results guided the development and construction of the labor-
atory-scale model. This model supported subsequent experimental studies and served as
the basis for the prototype.

2.2. Assembly and Experimental Setup

As shown in the project layout revealed in Figure 1, the counter-rotating wind tur-
bine was fabricated. A metallic tube having dimensions of (20 x 20 mm) was used as the
supporting frame. Bearings were installed on the upper section of each pillar to ensure
smooth axis rotation. A dielectric coupling element (tube with expansion) equipped with
copper contact rings was attached to the generator. These rings were soldered to ensure
stable electrical connection during rotation. Two rotor systems were manufactured, each
consisting of three blades (polymer-made, 0.5 m length). In order to achieve counter rota-
tion, the blade sets were configured with opposite angles of attack.

One rotor was mounted directly on the generator shaft, while the other was attached
via an intermediate disk (200 mm in diameter). All components were assembled to ensure
continuous electrical connection and sufficient mechanical rigidity during operation. The
output wires (lead wires, approximately 1-1.5 m in length) were soldered to the slip con-
tacts to ensure connection with the measuring instruments.

Figure 2 shows the final “laboratory model” and the key basics of the planned “wind
turbine”. The main principle of the proposed system is the increase in relative velocity
between airflow and blades, resulting in enhanced energy extraction.
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I Labératory-scale wind turbine '

Stator

Current-collecting rings from
the generator armature

Figure 2. General view of a laboratory model of a specially designed wind turbine.

Three configurations were used and compared when measuring the start-up (cut-in)
wind speed: a single rotor with three blades, a dual counter rotating rotor, and a modified
blade distribution. All measurements were conducted under identical conditions, and the
cut-in speed was recorded for each case.

For the preliminary laboratory experiments, a “wind generator” with counter-rotat-
ing wind helms was utilised, as shown in Figure 2. This design was obtained by modifying
the conventional wind turbine configuration and adding a second wind wheel rotating in
the opposite direction within the same airflow [7,35,38].

The experimental tests were conducted in a controlled laboratory environment using
an axial airflow to simulate different wind speeds. The wind velocity was gradually in-
creased within the operational range of 5-10 m/s. The wind rapidity was obtained with
the help of a numerical anemometer positioned upstream of the turbine rotor (GT8907
Digital Multifunctional Anemometer). The rotational speed was measured by means of a
digital tachometer (DT-2234C+ Digital Laser Photo Tachometer). The generated voltage
was measured by means of a voltmeter (3-digit LED display, operating voltage from DC
3.5V to 30 V). The current was recorded by means of a digital AC ammeter. All measuring
instruments were selected according to the operational prototype range and calibrated in
accordance with the manufacturers’ specifications.

2.3. Experimental Configurations

2.3.1. Progress of a Model of the Wind Motorised Portion of a “Wind Turbine” Built on
Two Wind Helms with Specifics of the Project of the Blade Dispersal Device

The device of edge dispersion contains numerous main operational mechanisms. All
the specifics of this project can be separated into 2 key parts, the electric and motorised
subsystems.

The electric tour comprises: 2 servo motors and blunder links.

The motorised cable comprises: 2 jagged bars, two notched mechanisms, and a key
mechanical edge.

Organisationally, the device is as follows:

(1) The device is furnished with 2 servomechanisms, which are motorised from a 220 V
source through blunder links.
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(2) At the tops of the servo shaft, mechanisms are static, which convey a rotating wave
to the equipment frame by frame and trap broadcast.

(3) The jagged frames adapt the rotating wave into direct wave.

(4) An edge is involved in the tackle frame, and at the instant of changing the rotating
wave into translational wave, the edge spreads to a predefined location strong-
minded by the project.

In this project, a polymer-made frame was utilised as the tackle frame to abridge the
manufacturing. A polymer tackle helm was similarly utilised in the wind turbine assem-
blage. Metal mechanisms can be efficiently substituted by polymer constituents due to
their high current motorised asset and appropriateness for frivolous constructions. Figure
3 displays the polymer tackle frame furnished with a notched apparatus and the “60DNA-
04DB1AKS servo motor”.

Polymer gear rack Servo motor
with pinons 60DNA-04DB1AKS

A\

Wind turbine blades

Figure 3. Photographs showing the polymer gear rack with its pinons, servo motor 60DNA-
04DB1AKS, and the fabricated wind turbine blades.

The model “60 DNA-04 DB 1 AKS servo drives” was utilised in the edge postpone-
ment device. These energies were designated because of their compressed extent, small
mass, and constructive practical features. These servomechanisms use perpetual electro-
magnets on the blade, which make an electromotive force (EMF) in the stator coil winds.
Moreover, they bargain high placement correctness. Giving the constructer’s stipulations,
the tube spot blunder is only 2 angular minutes.

These servomechanisms are fully enclosed and equipped with an auto-refrigerating
system, which allows long-term operation with minimal maintenance. The wind turbine
blades are manufactured from high-strength polymer materials and are carefully de-
signed to attain the compulsory angle of bout. The industrialised edges are exposed at the
bottommost region of Figure 3.
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To provide a more comprehensive understanding, a detailed sketch of the completely

collected wind generator is shown in Figure 4. It shows the entire blade-spreading mech-
anism, where it is housed inside the rotor cap.
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Figure 4. A “wind generator” with an edge delay device.

Grounded on the industrialised model of the “wind turbine” motorised system,
which incorporates two counter-rotating wind wheels and a detailed blade extension

mechanism, the experimental study was conducted.

2.3.2. The First Experimental Setup for Non-Extended Blades

The experimental setup throughout the 1st test is shown in Figure 5. To enable addi-
tional examination and the development of performance features, the rotational rapidity
of the wind wheels was measured at diverse wind rapidity.
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Figure 5. An especially planned “wind farm” with an edge delay device, with edges in the prelimi-

nary state. (a) General view of the blades; (b) general view of the edge delay device.
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2.3.3. The Second Experimental Setup for Extended Blades

In the second experiment, tests were carried out on the “extended-blade” arrange-
ment shown in Figure 6. Theoretically, the generated current and voltage are expected to
increase because the effective lever arm of the applied aerodynamic force becomes longer
at the same wind speed.

In both experimental setups, 5 dimensions were engaged to each wind rapidity. The
experimental installation used in the second experiment is shown in Figure 6.

A
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Blade 2 Gear rack 2
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d drive 2

d
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E The body
‘Blade 1 d

E Turbine

g axis

E Gear rack 1
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Figure 6. A particularly intended “wind farm” with an edge delay device, with the edges in the

protracted state.

By equivalence with the 1st test, the spin rapidity at diverse wind rapidity was meas-

ured.

3. Results and Discussion
3.1. Set-Up Presentation

Figure 7 displays the outcome of “wind wheels” quantity (and the conforming quan-
tity of edges) on the setup features of the turbine. As shown in Figure 7, there is a strong
association amongst the quantity of edges intricated and the preliminary rotating rapidity
of the “wind wheel”. When one solitary “wind wheel” was utilised (3 edges), the usual
preliminary rapidity was 1.63 m/s. When both “wind wheels” with three edges each were
dynamic, the normal preliminary wind rapidity reduced to 1.35 m/s, which was about 17%
more inferior than the solitary “wind wheel” case. In the third shape, the kind of dimen-
sion was made when three edges were arranged on one of the “wind wheels”. This prear-
rangement attained the lowermost regular preliminary wind rapidity of 1.01 m/s, which
was more than 25% more inferior than the second situation and more than 38% more in-
ferior than the “single-wheel” configuration.
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These results show that the increase in the blades” number and the use of the two
counter-rotating wind wheels decreased the “cut-in” wind rapidity (wind rapidity com-
pulsory to twitch the turbine).

1.75
1.55
1.35
1.15
0.95
0.75

=
1 2 3 4 5 Average

Serial number of the experiment

Wind speed at the moment of starting, m/s

m 2 wind wheels, 3+6 blades ® 2 wind wheels, 3+3 blades
1 wind wheel, 3 blades
Figure 7. Comparison of the startup speed (m/s) for the three configurations: two wind wheels with

3 + 6 blades, two wind wheels with 3 + 3 blades, and single wheel with 3 blades.

Table 2 shows the recorded values for the three configurations used in this study,
along with the number of trials, errors, and deviation errors.

Table 2. Overall record of standards of the cut-in wind rapidity (m/s).

Ne 2 Wheels (3 + 6 Blades) 2 Wheels (3 + 3 Blades) 1 Wheel (3 Blades)
1 0.95 1.35 1.65
2 1.05 1.45 1.85
3 1.15 14 1.75
4 0.9 1.55 1.95
5 0.78 1.48 1.7
Average 0.966 1.426 1.78
Standard deviation 0.14 0.10 0.12

3.2. Airflow Analysis

When operating the laboratory-scale wind turbine, three characteristic airflow zones
were formed, as shown in Figure 8. These zones governed the aerodynamic interaction
between the counter-rotating wind wheels and significantly influenced the efficiency of
energy conversion. These three zones thus can be defined as follows:

(1) The upstream region, where the airflow is located before its interference with the first
“wind wheel”;

(2) The intermediate or “inter-rotor” region, located between the two wind wheels;

(3) The downstream region, situated after the second “wind wheel”.

For the upstream region, the airflow in this region does not vary from the anterior
part of a conventional “wind generator”. The airflow remains undisturbed and exhibits a
linear velocity profile. When the airflow transfers on the dynamic bolt of the “wind wheel”,
the edges form slogs. Given “Newton’s 3d law”, the power acting on the edges, which is
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transformed into the rotating wave of the propellor, is equivalent to the power of slog of
the edges. These two forces are focused on conflicting orders. A “wind generator” with a
parallel axis of spin (utilised in scientific study) gets its spin from the elating force Fn,
which has a course of 90°, comparative to the course of wind flow [35].

ARARSAARAR

Zone |l Zone lll

Figure 8. Schematic representation of the different zones of the airflow location upon interaction

with wind wheels.

In the intermediate or inter-rotor region, there is a winding of airflows transitory over
the part of revolution of the first “wind wheel”. Due to the counter-rotating configuration,
the airflow undergoes a change in rotational direction before interacting with the second
wind wheel. Scientifically, you can define the course of the airflow with reverse ciphers.

To assess the flow regime in the inter-rotor region, the Reynolds number (Re) was

estimated using the following formula:

_p-v.D
= )

where p is the air thickness, v is the comparative rapidity between the airflow and the

Re

edges, and D is the distance between the two rotors. The dynamic viscosity of the air is
labelled pi. The calculated Reynolds number (Re) remained below the typical threshold for
transition from laminar to turbulent flow in the investigated configuration. This supports
the laminar flow to be predominant in the space between the counter-rotating blades. Yet,
some localised turbulence may still occur.

At the instant of altering the course of drive, twirl constructions are made. These
whirlpools harmfully touch the change in “wind energy” into “electrical energy”, mean-
while the second wind wheel does not obtain an equal even airflow, in contrast with the
first wind wheel.
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The third sector—downstream area—does not partake in energy making, since only
the energy of the air flow passes there.

The amount of undeveloped wind energy is determined by the Betz limit [49]. The
wind energy use rate is 0.593 (efficiency of energy extraction) [50], which is approximately
59% of the total wind energy that passes through the rotor swept area.

To fix the best detachment amid wind wheels, the investigational model was adapted
to allow for the alteration of the inter-wheel detachment. The optimal separation was se-
lected to maximise wind energy transfer (the distance at which the wind flow stabilises
after passing through the first wind wheel and exerts the maximum possible impact on
the second one [35]). Therefore, when calculating the power output of the system, it is
necessary to consider that the second wheel receives less available wind energy than the
first one by a factor of k [38].

This coefficient (k) depends on several parameters: the wind speed V (m/s); the air
density p (kg/m?3); the number of blades n; the wind wheel rotation speed v (rpm); and the
distance between wind wheels 1 (m).

Based on the above, the distance between the wind wheels is the most practical pa-
rameter for optimising the system performance. Increasing the inter-wheel distance re-
duces the aerodynamic interaction between the two rotors. This occurs due to the delayed
time of the distributed airflow from the first wind wheel to recover its original character-
istics, which will really mark the spin of the second “wind wheel”. The flow of air power
at diverse inter-wheel detachments is shown in Figure 9.

r/2 r 2r
Fw
— ‘
J
| " —
| \
\ |

"

E.E

Figure 9. Schematic representation of the straightness of airflows at diverse helm detachments: Fw —

power of air flow; the detachment amid the wind helms equals r; the detachment among the wind

helms equals 2r.

Under ideal conditions, the counter rotation of the stator and rotor could theoretically
double the generated power. However, this is practically unattainable due to the influence
of multidirectional eddy currents and other aerodynamic losses. Consequently, the con-
stant of supplementary force created by the second wind helm has the next charge:

1<k<?2.

Meanwhile, there is a straight relative relationship amid the wind energy captivated
by the second wind wheel and the power created by the wind generator; it should be
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expected that the energy advance constant related to the counter-rotating arrangement
Pww comparative to a typical wind generator Pw has the subsequent rapport:

wa = kPw, (2)

where k is the constant of the extra energy made because of the counter-rotating rotating
scheme:

Pww—power production of the wind generator with counter-rotating wheels;

Pw—power of a typical single-wheel wind generator.

To confirm the theoretic worth of the constant of energy made by a wind generator
with counter-rotating wind helms, the investigational labour was accomplished with the
“wind generator model”, and standards obtained were examined.

The electrical power was calculated as

P=UXI 3)

where voltage (U) and current (I) were measured simultaneously.

The straightened airflow enhances the aerodynamic forces on the edges of the second
rotor, with subsequent higher rotational speed and greater electrical power output. The
distance between the two wind wheels is a key design parameter affecting energy pro-
duction. The results showed that the optimal distance is equal to one radius (r), corre-
sponding to the diameter of a single wind wheel.

It must be noted that the aerodynamic flow field between the two counter-rotating
wind wheels was not characterised quantitatively in this study. Detailed CFD simulations
or flow visualisation experiments are recommended in future work to provide more in-
sights into the wake interaction and vortex dynamics.

3.3. The Aerodynamic Features of Wind Helms with the Willpower of the Key Restrictions and
Dials

This paper analyses an alternative wind turbine project, mainly, the outcome of de-
scending (folding) edges on the force production of the laboratory-scale wind control en-
terprise. The all-out presentation attainable by means of wind helms with diverse widths
was assessed. The width of the wind helm is nominated giving the valued force of the
fixed generator. For low-power schemes, large-diameter blades are not required, as a com-
paratively small spin device is enough to indorse such an electric unit. In comparison,
wind helms with greater ranges are characteristically used to power wind turbines of var-
ious kW levels.

Figure 10 displays charts of the relationship of wind wheel width and the power cre-
ated for different blade configurations.

As shown in Figure 10, an advanced number of edges permits the similar force pro-
duction to be attained with a minor blade width.

Wind helms with two and three edges were examined in more detail, as they have
the greatest cooperation amid aerodynamic presentation and general mass.

When the force upsurges from 10 W to 50 W, the width of the two-bladed wind helm
upsurges by a reason of 2. This connexion is likewise detected for a three-bladed shape,
though the preliminary edge span is better.

By overlaying the investigational statistics obtained with the descending edges pro-
ject onto the statistics accessible above, it is hypothetically conceivable to evaluate the
supplementary force made when the device is started. Meanwhile, the laboratory model
was intended for about 60 W, and the investigational statistics for the two-bladed shape
were scaled up. Seeing that the constant of dispersal the wind turbine is 1.2, it is conceiv-
able to hypothetically make a prediction for creating growing force. To establish the sta-
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tistics for the gathered and feast edge shapes of the laboratory model, Table 3 was accu-

mulated, and the subsequent statistics were obtained.

Rotor Diaimeter, m

—_
—_

14
13
12

o W A U O N © VO

-o-

& o
Rotor Diameter vs. Power _,—'
""'
—"' “M
19 > s
C4 Pl
= e v
4 ‘/»/"
l" /9‘(
g o’ -9
(4 v C
o @ -
L4 ,/ o
22 3 e
Le® o7 oL
"’ // P
o® _o=9 s c=®
e® o & g v““-w“
'—"::,*"v o=@ wyét""“
‘o‘:w““uw‘/ /V-—“”v (_,,v’“vv
PLIPLIPTY, . T S
‘ﬁfw;“::#__ww“" o
G---
10 50 100 300 500
Power, W
2-blade -e-3-blade -©-4-blade -@-6-blade 8-blade -@-16-blade

Figure 10. The wind helm widths vs. the determined force made by the wind maker.

Table 3. Contrast of theoretic outcomes of the process of the edge dispersal device.

Ne Force, W Wind Maker with Shut Edges = Wind Maker with Lengthy Edges
1 10 2+0.068 2.4+0.139

2 20 2.82+£0.116 3.38 +0.165

3 30 3.44+0.159 413 +0.17

4 40 4+0.128 4.8 +0.254

5 50 4.48 +0.237 5.38 £ 0.188

6 60 49 +0.147 5.88 +0.233

As shown by the considered results, preliminarily from 30 W of made power, the

“wind generator” with lengthy (feast) edges shifts to a higher power output level com-

pared to the standard design. For example, at an initial radius of 3.44 m, producing an

output of 30 W, extending the edges increases the range to 4.13 m and raises the probable

power output to 40 W. This design has a non-linear inclination, which permits us to de-

termine that this project hypothetically permits an upsurge in electric energy making.

To examine this relationship in more detail, the power output of a two-bladed wind

generator was examined at diverse points on the descending device, as exposed in Figure

11.

Hypothetically, the proposed wind turbine project offers clear practical potential.

The results demonstrate that a three-fold increase in power output can be achieved by

increasing the diameter of the wind wheel by a factor of 1.5.

Figure 11 displays the requirement of rotor diameter on generated power for differ-

ent numbers of blades (z = 2, 3, and 4). The comparison was carried out under identical

operating conditions. The discrepancy observed between the curves is attributed to vari-

ations in rotor structural strength and aerodynamic loading. Increasing the quantity of

edges enhances the structural strength of the rotor and improves torque generation under

comparable operating conditions. Consequently, a larger rotor diameter is required to

achieve the same power output level.
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Rotor diameter (m)

Power (W)

Figure 11. Force requirement of a 2-bladed wind generator in the range of 10-60 W contingent on
the width of the wind helm.

To validate the obtained data, practical modelling was conducted on an experimental
prototype. Modelling on an investigational model of a “wind farm” of a distinct project
was led in laboratory settings, and the outcomes gained are measured and are established
in the subsequent sections.

3.4. Experimental Results of the Designed Wind Farm with Non-Extended Blades

The first experiment was led on the investigational arrangement with the edges in
the non-spread place, as revealed in Figure 5. This provided baseline performance char-
acteristics for comparison with the results of the second experimental setup.

To ensure accuracy and minimal measurement errors, five repeated dimensions were
engaged at each level of wind rapidity. Table 4 displays the normal standards, to avoid
statistical confusion.

Table 4. Outcomes of spin speed dimensions.

Ne Wind Rapidity Vv, m/s Spin Rapidity n, rpm
1 5 230

2 6 260

3 7 300

4 8 340

5 9 410

Based on the measured rotational speeds, the relationship between rotor speed and
wind speed was determined. As shown in Figure 12, the rotational speed increases almost
linearly with wind speed. The minor deviations from this linear pattern are attributed to
instrument error and imperfect experimental conditions.
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Figure 12. Representation of the spin rapidity requirement from the wind rapidity.

When gaging the rapidity of spin, the limits of current (I) and voltage (U) were con-
currently slow. The outcomes obtained from these experimentations are shown in Table
5.

Table 5. Outcomes of dimensions of the limits of the current (I) and voltage (U) of the edge in the

preliminary state at the restrained spin rapidity (n).

Ne  Rotation Speed n, [rpm] Voltage U, V Current I, A
1 230 8.10 55.29

2 260 8.74 52.14

3 300 9.46 47.38

4 340 10.05 44.58

5 410 11.01 40.71

Based on the data obtained (Table 5), the connection between the blade turning ra-
pidity and the current and voltage used was investigated.

As revealed in Figure 13, at the commencement of the dimensions, when the wind
rapidity reached 5 m/s (which matches to a spin rapidity of 230 rpm), the noted voltage
was about 8 V. As the rotating rapidity was additionally augmented, the power continued
to increase. In comparison, the current made is contingent mainly on the produced voltage,
and, given Ohm’'s law, it has conflicting design from the spin rapidity. When the produced
voltage upsurges, the current decreases.
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Figure 13. Gained features of the voltage-current rapport contingent on the rapidity of spin (blue—
I, black—V).

Given the fallouts obtained, an upsurge in voltage generation is predictable in the
next trial. Since the project with lengthy edges (augmented range of the wind helm) fore-
casts an advanced spin rapidity, higher voltage output is expected.

3.5. Experimental Results of the Wind Farm with Extended and Sliding Blades

Figure 14 shows the relationship between rotor speed and wind speed. The rotational
rapidity dimensions display that, at similar wind rapidity, the rotor with spread blades
achieved an average 20% higher rotational speed compared to the standard configuration.
This result confirms that the wind generator with spread blades provides higher rotational
performance under the same wind conditions.

10

Wind speed (m/s)

T T T T T T T T T T T
250 300 350 400 450 500 550
Rotational speed (rpm)

Figure 14. Association between wind rapidity and blade rotating rapidity.
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Figure 15 presents the association between rotating rapidity and the generated volt-
age and current.

14

13

12 4

Voltage (V)

11

10

+\ —8— Current
n

N

}
- +

—®— Voltage +

250

T T T T T T T T T
300 350 400 450 500

Rotational speed (rpm)

L 70
- 65

L60 &

o

I c

7]

-

=

55 35
- 50
45

550

Figure 15. Voltage and current as functions of rotor rotational speed (blue—U, orange—I).

The results presented in Figure 15 indicate that the tendency of direct requirement of
voltage and current endured from the first trial, but the produced pointers augmented.

A thorough contrast of the outcomes obtained throughout the experimentations is
assumed in the next subcategory.

3.6. Assessment of Investigational Features of the Non-Extended and Extended Systems

When likening the features obtained throughout the first and second trials, a sum-
mary Figure 16 was made.

10

Wind Speed (mv/s)

4

200

T T T T T T T T T T T T
250 300 350 400 450 500 550

Rotational speed (rpm)

Figure 16. Relative graphs of the spin rapidity of 2 experimentations (black colour designates the

first experiment “non extended blades”, red colour indicates the second experiment “extended

blades”).
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Charts likening the features of the first and second trials are made to vividly show
the statistics obtained throughout the study. Figure 16 displays spin rapidity contrast
graphs; Figure 17 displays voltage contrast graphs; and Figure 18 displays present con-
trast graphs.
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Figure 17. Comparative voltage graphs of two experiments (black colour indicates the first experi-

ment “non extended blades”, red colour indicates the second experiment “extended blades”).
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Figure 18. Comparative current plots of two experiments (black colour indicates the first experiment

“non-extended blades”, red colour indicates the second experiment “extended blades”).

The concluding investigational outcomes display that the greatest generation charges
are detected in a wind maker with six edges on the blade and three edges on the stator
coil. Table 6 compares the electrical generation characteristics (voltage and currents) of
different rotor—stator blade configurations under both studied conditions. In all tested
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configurations, the measured output in the extended blade design configuration was
higher than under the non-extended blade configuration.

Table 6. Summary of the results obtained during the experiments for the non-extended and the

extended blade design.

Wind Non-Extended Blade Design Extended Blade Design K Factor
Speed Rotational Voltage Current Power Rotational Voltage Current Power Pun/Pu
(m/s) Speed rpm) (V) (A) (W)  Speed (rpm) (V) (A) (W)

5 230 8.1 55.29 447.85 280 10.12 69.11 699.39 1.56

6 260 8.79 52.14 458.31 330 10.93 65.17 712.3 1.55

7 300 9.46 47.38 448.21 370 11.82 59.22 700 1.56

8 340 10.05 44.58 446.02 420 12.56 55.73 700 1.56

9 410 11.01 40.71 448.21 510 13.76 50.89 700.4 1.56

Wind turbines with two multidirectional (counter-rotating) wind helms were exam-
ined in this article. Given the results obtained throughout applied trials, the constant of
energy produced by a wind generator with counter-rotating wind helms was found
within the range of 1.5-1.6, as shown in Table 6. The additional power gain provided by
the counter-rotating experimental setup was quantified by the k coefficient. As mentioned
in the methodological section previously, Pw is the electrical power output of the baseline
(non-extended blades) and Pww is for the two counter-rotating wind wheel setup. The ob-
tained values of k ranged consistently between 1.55 and 1.56, as shown in Table 6. The
experimentally validated range confirms the theoretical assumption, stating that the ad-
ditional gain coefficient should be 1 <k <2. While remaining below the ideal values of 2,
these lower values are due to aerodynamic interactions between the rotors.

In agreement with the investigational revisions, the hypothetical forecasts were es-
tablished, and the correctness of the constant was augmented. However, further research
is required to fully understand the behaviour of counter-rotating wind turbine systems.
“Wind turbines with counter-rotating wind helms” are not completely disclosed. This
type of counter-rotating wind turbine presents significant opportunities for future re-
search and technological development. The outcomes advise that the cumulative quantity
of blade edges may enhance electrical output within the investigated operating range.

Our results collectively show that the innovative blade with a counter-rotating wind
wheel configuration reduced the cut-in wind rapidity. The outcome of the wind rapidity
on rotor rotational speed in all cases showed a progressively increasing trend. In the
meantime, the extended-blade configuration has shown a higher performance, as noted
by the decreased cut-in wind speed compared to the fixed-blade configuration. This be-
haviour is probably attributed to the increase in the effective swept area and the enhance-
ment in the aerodynamic torque. Increasing the blade radius also improves the interaction
between airflow and the rotor surface. This will result in an increased generated voltage
with increasing wind speed, which is directly related to the direct coupling between the
rotor and the electrical generator in a counter-rotating motion.

Furthermore, the comparative analysis shown in Figures 10-18 confirms that the
counter-rotating design improves the airflow and the rotational behaviour, which leads
to improved operational characteristics residing in a reduced cut-in speed, which is the
main focus of this paper: a design that can be used in small wind turbine systems for
agricultural implementation.

4. Conclusions

Grounded on the presented data analysis, the subsequent brief assumptions can be
proposed as follows:
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1. Extendable blade design efficiency.

The results showed that the proposed wind turbine configuration with extendable
blades improved the startup and rotational speeds of the system. Compared to the fixed-
blade configuration, an approximate 20% enhancement was measured in rotor rotational
speed at identical wind velocities. This expands its applicability in regions with low and
moderate wind environments.

2. Electrical parameters and power.

A direct relationship was observed between rotor rotational speed and generated
voltage.

Stability: A decrease in current strength with an increase in voltage was due to the
operation within the valued control of the generator (~0.7 kW), which confirmed the cor-
rect operation of the electrical system without overloads.

3. Operational adaptability and monitoring.

The use of active parameter control systems (dynamic regulation) showed adaptive
aerodynamical control under varying wind conditions. This allowed the turbine to be
adapted to the current wind conditions in real time, ensuring constant energy production.
However, additional investigations under real operating conditions are required to eval-
uate long-term performance.

4.  The potential of counter rotation.

The counter-rotating design demonstrated improved startup performance and
higher power output, likely associated with improved airflow use, and contributed to in-
creased energy conversion.

The generation enhancement coefficient k was in the range of 1 <k <2.

The mathematical dependence was expressed by the formula Py = k Pe.

Experimental data confirm that the proposed special design (sliding blades + counter
rotation) effectively solved the problem of generating energy in conditions of low wind
activity, increasing the overall efficiency of the installation under laboratory conditions.
Further experimental validation under broader operating conditions is necessary for fu-
ture studies.

The present study’s results provide preliminary experimental validation of the coun-
ter-rotating design with extendable blades.

Although the laboratory prototype showed promising performance, scaling the sys-
tem to industrial power levels could introduce several mechanical challenges. The coun-
ter-rotating configuration will induce additional loads on the bearing supports on both
the rotor and stator shafts. Additionally, further issues could rise, including misalignment
due to differential thermal expansion values, increased radial and axial loadings, and pul-
sating mechanical moments. All these factors together will accelerate bearing wear and
reduce system reliability. Our findings show promising aerodynamic and electrical char-
acteristics, but further investigations are needed. Large-scale testing, long-term opera-
tional evaluation, and advanced aerodynamical simulations are necessary to optimise the
system for practical uses in real agricultural fields.
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