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Analysis of aerodynamic characteristics of a two-bladed wind power plant
containing combined power elements

In this article, the aerodynamic characteristics of a wind turbine of various parameters are studied. For this
purpose, an experimental two-cylinder model with fixed blades was made. A schematic diagram of a wind
turbine with fixed blades and rotating cylinders is obtained. The airflow velocity varied from 3 to 12 m/s. The
dependences of the aerodynamic forces of a wind power plant on the flow velocity were investigated. The
analysis of the results of the experiment on changing the angle a of the fixed blade relative to the cylinder
from the airflow velocity of the wind turbine is carried out. When the position of the blade changes, the drag
changes relative to the airflow. A graph is constructed based on the dependence of drag and lift forces on the
flow velocity. It is established that at the maximum angle relative to the cylinder a = 30° that the value of the
lifting force and the drag force of the fixed blade is higher. From the dependence of the coefficient of lift and
drag force on the Reynolds number, it was found that at an angle of 30° degrees, there is a minimum lifting
force of 0.04 and a maximum drag force of 1.479 at Re=1-10* The results of the experiment show that it is
possible to use an additional force driven by the Magnus effect that occurs when rotating cylinders with a
horizontal axis. These results are considered useful for us in practice since these results can be used in
combined wind engines operating at low wind speeds. This wind power plant can generate electricity starting
from a wind speed of 2.8 m/s.
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Introduction

Energy is the basis of the climate problem and the key to solving it. A significant part of the greenhouse
gases covering the Earth and trapping solar heat is generated during energy production when fossil fuels are
burned to generate electricity and heat. Fossil fuels such as coal, oil, and gas are by far the biggest
contributors to global climate change: they account for more than 75 percent of global greenhouse gas
emissions and almost 90 percent of all carbon dioxide emissions.

Scientific evidence clearly shows that to avoid the worst effects of climate change, it is necessary to
reduce emissions by almost half by 2030 and achieve net zero emissions by 2050.

To achieve this goal, we need to end our dependence on fossil fuels and invest in alternative energy
sources that are clean, affordable, inexpensive, sustainable, and reliable.

Renewable energy sources, which are abundant around us thanks to the sun, wind, water, waste, and
heat of the Earth, are replenished naturally and practically do not emit greenhouse gases or pollutants into the
atmosphere.

Fossil fuels still account for more than 80 percent of global energy production, but cleaner energy
sources are gradually gaining ground. Currently, about 20 percent of electricity comes from renewable
sources [1].

Wind power is the most successful way out of the situation. The fact is that with the help of one or two
wind turbines, it is possible to provide energy to the entire estate without creating a large network with a lot
of expensive equipment [2]. As a result, there is a high demand for improving the operational reliability,
availability, and performance of wind turbine systems [3].

There are many discoveries and works in the field of wind energy that many scientists around the world
are doing.

One of them, the invention [4] is aimed at obtaining the maximum possible energy from the wind flow.
The trailing edges of all aerodynamic wings move synchronously. Feature A wind turbine mounted on the
main horizontal shaft has aerodynamic wings attached to rods and a mechanism for changing the angles of
attack of the a-wings.
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In [5], a mathematical model of a horizontal-axial wind power plant is considered, in the design of
which Savonius rotors are used instead of classical blades. The Magnus force formed during the autorotation
of the Savonius rotors creates a moment that supports the rotation of the central shaft of the turbine. The
main difference between this work and previous studies in this area is that the change in the width of the
blades along the radius is taken into account. At the same time, within the framework of the model, the
conical Savonius rotor is replaced by a pair of cylindrical rotors of different diameters, which makes it
possible to use experimental force-moment characteristics, taking into account a significant change in the
velocity field along the radius of the blade. The model considers the possibility of controlling the value of the
external electrical resistance in the local circuit of the generator of the installation.

The wind energy industry has been constantly updated in recent decades to explain the development of
recent decades, it relies on an extensive dataset consisting of 35-year-old inventions of several megawatt
wind turbines. According to forecasts, the size of onshore and offshore wind turbines will continue to
increase, although, according to forecasts, the largest increase will occur with offshore wind turbines [6].

The article [7] also provides an overview of the most important and updated methods of condition
monitoring based on non-destructive testing and methods applied to wind turbine blades. In addition, it
analyzes future trends and problems related to systems for monitoring the condition of wind turbine blade
structures.

In this regard, the experimental model proposed by us is a two-cylinder wind turbine with fixed blades.

At the D.A. Kunaev Institute of Mining, under the leadership of N.S. Buktukov, a promising design of
the Buktukov wind farm was developed [8], in which the change in the area of the swept surface occurs not
by shifting the half-cylinders, but by turning, which allows significantly increasing the power (many other
domestic studies on the development of wind power plants were also studied in detail).

The aerodynamic element described in [9] was adopted as a prototype of the aerodynamic element that
creates the Magnus effect on the wind turbine blades. The disadvantage of this wind turbine is the huge
consumption of electricity for the operation of the drive.

A distinctive feature in this work from the previous ones is the mutual combination of two different
blades (rotating cylinders and fixed blades), which ensures high aerodynamic quality of the wind turbine.

The purpose of the work is to analyze the aerodynamic characteristics of a two-bladed wind power plant
containing combined power elements.

Based on the goal, the following tasks are set:

1. Investigation of aerodynamic forces depending on the flow velocity.

2. Analysis of the coefficients of lift and drag force from the Reynolds number for various variants of
the location of the fixed blade relative to the cylinder.

Experimental methodology

Experiments were carried out in a wind tunnel, which is a channel in which an artificial airflow is
created with the help of a fan.

A wind tunnel is an installation that creates a flow of air or gas for an experiment, studying the
phenomena accompanying the flow of bodies. Experiments in a wind tunnel are based on the principle of
reversibility of motion, according to which the movement of a body relative to air (or liquid) can be replaced
by the movement of air running into a stationary body. To simulate the motion of a body in stationary air, it
is necessary to create a uniform flow in a wind tunnel, having equal and parallel velocities at any point (a
uniform velocity field), the same density, and temperature. Usually, in a wind tunnel, the flow around the
model of the projected object or its parts is investigated and the forces acting on it are determined [10-12].

The T-1-M wind tunnel includes a working part, a diffuser, a fan, a transition channel, rotating blades,
leveling grids, a pre-chamber, and a collector (nozzle) [13].

The main part of the T-1-M wind tunnel is its working part. The working part of the pipe is the place
where the model of the test body is attached to the aerodynamic scales (Fig. 1). Especially serious
requirements are imposed on the flow of the working part. The dimensions of the model should be smaller
than the corresponding dimensions of the working part so that the flow boundaries do not affect the flow
around the model [14].

The most accurate and reliable is the direct method of measuring forces and moments using
aerodynamic scales. To measure the lifting force and drag force at different flow rates, three-component
aerodynamic scales were used (Fig. 1). Measurements of air flow velocities were carried out by the
Skywatch Atmos anemometer.
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Figure 1 shows the appearance of a two-bladed layout with fixed blades and rotating cylinders with a
diameter of 0.05 m.

1 — generator, 2 — cylinder, 3 — fixed blade, 4 — mast

Figure 2. Schematic diagram of a wind turbine with fixed blades and rotating cylinders

The addition of rotating cylinders with fixed blades creates additional lifting force, which leads to an
increase in the speed of rotation of the wind wheel.

The essence of this process lies in the fact that the fixed blade added to the rotating cylinder enhances
the curvature of the profile of the wind-wheel blade. In this case, not only the curvature increases but also the
immediate area of the blade. As a result of changes in these indicators, the flow pattern completely changes.
These factors are decisive in increasing the lift coefficient.

In the frontal part of the blade to the point of separation of the boundary layer, there is a gradual
delamination of experimental data for different elongations. With an increase in the length of the blade, the
value of dimensionless pressure at a fixed angle decreases, a gradual transition from the pressure distribution
characteristic of spatial motion — the flow around the cylinder and the fixed blade, to the pressure
distribution characteristic of flat motion — the flow around an infinitely long cylinder.

A non-contact laser tachometer is used to measure the rotational speed.

In engineering practice, the formula is often used to calculate the lift coefficient:

oF
AR v (1)
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To calculate the drag coefficient C, during the work, the following formula was used:

c - AF, orC, = ZIZZXS. )
pu -

u2
—.5
P 2

Here AF, — drag force, [H]; AF, - lifting force, [H];

p — air density, [kg/m3]; u- air flow rate, [m/s]; S — midsection area, [m?].
To obtain universal dimensionless dependences in experiments, the Reynolds Re — the number is used
as a dimensionless velocity, which characterizes the ratio of inertia forces to viscosity forces:

u'du
Re = — 3)

where d, — cylinder diameter, [m]; v — kinematic viscosity of air, [m?/s].
Under experimental conditions, the values of air density and viscosity are equal, respectively: p =1.21

kg/m®, v =1.49x107° and m?/s.
Research results

Figures 3 and 4 present the results of the experimental calculation of the lifting force and drag force
from the flow velocity with different variants of the fixed blade relative to the cylinder.
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Figure 3. Graph of the dependence of drag forces on Figure 4. Graph of the dependence of the lifting force on
the flow velocity the flow velocity

From the obtained dependences (Fig. 3-4), the proportional dependence of the lifting force and the drag
force of the blades on the flow velocity is visible. From comparing the dependencies of a fixed blade relative
to a cylinder with different angles a, it is shown that the value of the lifting force of a wind turbine with fixed
blades and rotating cylinders with an angle relative to the cylinder a = 30° is higher than that of the others.

This is explained by the fact that when deflecting with an angle o = 30° of the fixed blade, the lifting
force increases due to an increase in the curvature of the profile.

Thus, fixed blades with an angle o = 30° relative to the cylinder have optimal aerodynamic
characteristics.

Figures 5 and 6 show the dependences of the lift and drag coefficients on the Reynolds number for
different variants of the fixed blade relative to the cylinder.
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Figure 6. Dependence of the lift coefficient on the number of Re

As can be seen from Figures 5 and 6, when the fixed blade is positioned relative to the cylinder at 30
degrees, the optimal values of the lift and drag coefficients are obtained: 0.04 and 1.479 with a Reynolds
number of 1-10*.Compared with the other three samples at 0°, 15°, and 45°, at 60°, the combined blade
produces maximum drag force and minimum lift.

The rotating movements of the cylinders lead to the formation of a sufficiently voluminous vortex zone
of reverse currents behind the cylinders, the dimensions of which depend on the speed of the incoming flow.

Conclusion

In the course of the study, the following optimal results were obtained:

- It is established that the dependence of aerodynamic forces on the flow velocity for different variants
of the fixed blade relative to the cylinder. It was found that at the maximum angle relative to the cylinder
a = 30° that the value of the lifting force and the drag force of the fixed blade is higher than the rest. Based
on this, it was found that at an angle a = 30° stationary, the blade has optimal aecrodynamic characteristics;

- From the dependence of the coefficient of lift and drag force on the Reynolds number, it was found
that at an angle of 30°, there is a minimum lifting force of 0.04 and a maximum drag force of 1.479 at
Re=1-10%

- It was found that with the angle of the fixed blade of 30° degrees, the indicators of the entire
combined blade are the most effective.

- It is determined that as a result of the interaction between the rotational movement of each cylinder
and the stationary blade, a lifting force arises due to the Magnus effect, leading to the rotation of the
horizontal shaft, which, in turn, drives the mechanism that generates electrical energy.

The work was carried out with the financial support of the Science Committee of the Ministry of Science

and Higher Education of the Republic of Kazakhstan (IRN AP14972704 “Numerical study of a new design of
wind turbine blades with a horizontal axis of rotation ).
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A XK. TneyGeprenona, A.H. JrocembaeBa, H.K. Tanammesa, I11.C. Ksiznapbekosa,
A.P. Myxamenpaxum

BipikTipisiren Ky ajieMeHTTEpPi 0ap eKiKaJTAKIIAJbI 2KeJI IHEPTreTUKAJIBIK
KOH/ABIPFBICHIHBIH 23POAMHAMHMKAJIBIK CHIIATTAMAJIAPBIH TAJIAAy

Maxkanazia opTypJii mapameTpiepIeri el KOHIBIPFBICHIHBIH a3pOANHAMUKANBIK CHIIATTaMallapbl 3ePTTEITeH.
OcBl MaKcaTTa KO3FaIMalThIH KaJIaKIIaTapbIMEeH €Ki MTMHIPII TOXKIpUOemiK yiri skacanapl. KozranmmanTeiH
KaJlaKIIaJapbIMeH JKOHE aifHAIMalbl LUIUHIApPIEpl Oap Kel KOHABIPFBICHIHBIH MPUHIMITHAIBIBI Cyl0ect
aNBIHABL. Aya aFbIHBIHBIH XBULTaMIBIFE 3-TeH 12 M/c-Ka aeiiin esrepai. JKen sHepreTHKaIbIK KOHIBIPFBIHBIH
a’POJIMHAMHKAJIBIK ~ KYIITEPiHIH aFbIH  JKbULIAMJBIFBIHA ~ TOYCNAUTIri  3epTTeNAi. Aya  aFbIHBIHBIH
KBUTIAMIBIFBIHAH K€ KOHABIPFBICBIHBIH ITUIHHIPIHE KATHICTHI KO3FAIMAWTBHIH KaJaKIIaHBIH OpHAIacy o
OYpBINIBIH ©3repTy OOMBIHINA IKCIICPUMEHT HOTIKENCepiHe Taiaay Kyprizinmi. KamakimanblH OpHaIacybl
©3TepreH Ke3Jie aya arbIHbIHA KaThICThI MAHIAMIIBIK Keepri e3repe/i. MaHIaibIK Keaepri Kyl MeH KoTepy
KYIITEPiHIH aFbIH JKbUIIAMJIBIFBIHA TOYENALTIri OolbiHIIA TpaduKk caiubiHAbl. Ko3FalIMaiThIH KallaKIIaHBIH
MITHHIPTE KaTBICTBI MakcUMaiabl 0=30° OypbIll Ke3iHAe KoTepy KYIIl MEH MaHTaHIbIK KeAepri KYIIiHIH
MOHI KOFapbl EKEHJIT1 aHBIKTaNAbl. MaHTAMIBIK Kelepri KyImli MeH KeTepy KYIIiHiH K03()(HUIHMEHTiHIH
Petinonbac canviHa Toyenainiriner 30° rpaxyc OyprimTa MEHUMAIIBL KeTepy Kyt 0,04 jxoHe MaKCHMa bl
MaHJalneIK Keaepri kymi 1,479 monpepi Re=1-10* kesinme GonaThIHABIFBI aHBIKTANABL DKCIEPHUMEHT
HOTIKENEepi KOJJIeHEH OChTI ILWIMHAPIEpAl alfHaIABIpYy Ke3iHae maiiga GonmateiH, MarHyc 3¢dekriciMen
KO3FaJaThIH KOCBIMIIA KYII KOJIAaHyFa OOJaThIHABIFBIH KepceTeni. byn HoTmwkenep ic xy3iHme 6i3 yurin
naiaaapl OOJIBIN CaHANafbl, OUTKEHI OYJI HOTHXKENEP/i JKENIIH TOMEH JKbIJIIaM/IBIFBIMEH JKYMBIC iCTEHTIH
OIpIKTipiIreH kel KO3FaNTKBIITApbIHAa KojjaHyFa Oomamsl. OCBl K€l KOHABIPFBICHI 2,8 M/C Ken
JKBUTIAMIBIFBIHAH OacTal AJIEKTpP KyaThlH OHAIpPE aJIaJibl.
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Kinm cesdep: en SHEPreTUKANbIK KOHIBIPFBI, aFbIH JKbUIAAMIbIFBI, adpOAMHAMUKANBIK Ky, T-1-M
a3pOIMHAMHKAIIBIK KYOBIP, MaHAAMIIbIK KEASPri Ky, KOTepy KyIIi.

A.K. Tney6eprenosa, A.H. [ltocembaeBa, H.K. Tanamesa, I11.C. Kei3nap6ekoBa,
A.P. Myxamenpaxum

AHaJIU3 23POAMHAMHYECKUX XaPAKTEePUCTHK JABYXJIONACTHON BeTPOIHEPreTUYECKOM
YCTaHOBKM, co/iepkalleil KOMOMHHPOBAHHbIE CUJIOBBIE 3J1€eMEHThI

B craTbe u3ydeHsl a3poAMHAMHUYECKHE XapaKTEPUCTUKH BETPSIHON YCTAHOBKU PAa3IMYHBIX MapameTpoB. Jlis
JaHHOM menu OBUT H3TOTOBIEH SKCIIEPUMEHTANBHBIH 00pasel] IBYXIMIMHIPOBBI C HEMNOABMKHBIMU
nonactamu. IlomydyeHa mnpuHOMNUANBHAs CXeMa BETPOYCTAHOBKH C HEMOJABIKHBIMH JIOMACTAMH U
Bpamamonmmics nmwinaapaMyd. CKOpoCcTh BO3AYIIHOTO MOTOKA BapbHpOBalach, HaunMHas oT 3 10 12 wm/c.
HccnenoBanach 3aBHCHMOCTD adpOJMHAMHYECKHX CHJI BETPOSHEPTETHYECKOH YCTAaHOBKH OT CKOPOCTH
notoka. [IpoBesieH aHaIM3 pe3yabTaToB SKCIIEPUMEHTA 10 M3MEHEHHIO yIJla 0 PAcIIONIOKEHHS HEOABIYKHOM
JIOIIACTH OTHOCHTEHHO IMJIMHAPA OT CKOPOCTH BO3AYIIHOTO HMOTOKA BETPSHOH ycTaHOBKH. [Ipn M3MeHeHUn
HOJIOXKEHUS JIONACTH JIOOOBOE CONpPOTHBIICHHE MEHSETCS OTHOCHTEIBHO BO3AYLIHOTO MmoToKa. ITocTpoen
rpaguk IO 3aBUCHMOCTH CHJI JOOOBOTO CONPOTHBIEHHS M MOABEMHOH CHIIBI OT CKOPOCTH IIOTOKA.
VCTaHOBNEHO, YTO TpU MakcuManbHOM yrie 0=30° OTHOCHTENBHO NMIMHIpPA HEMONBHMKHOW JIOMACTH
3HAUEHNE IOABEMHOM CHIIBI M CHIIBI JOOOBOTO CONPOTUBICHHUS BbImE. M3 3aBuCHMOCTH Ko3(dHIueHTa
MOJBEMHOHN CHIIBI U CHJIBI IOOOBOTO COIIPOTHBJIEHUs OT yucia PeitHonmpaca ompeneneHo, uro mpu yrie 30°
rpagycoB HaOmonaercss MHUHMMaipHas moxbeMHas cwia 0,04 ¥ MakcuMmanbHas cuia  JI0OOBOTO
conpotusnenus 1,479 mpu Re=1-10* Pe3ymbTaThl 3KCIIEpUMEHTa MOKA3BIBAIOT, YTO MOYHO HCIONB30BaTh
JOTIOJTHUTENIBHYIO CHITy, JBIDKHMYIO 3ddexTtom Marnyca, BO3HHMKAIOIIMM IpPH BpAIICHHH LWIXHIPOB C
TOPU3OHTAIBHOM OCBI0. DTH pe3yNbTaThl CUMTAIOTCS IIOJIE3HBIMH Ul HAC Ha NPAKTHUKE, MOCKOJIBKY OHH
MOTyT OBITH WCHOJNB30BAaHBI B KOMOMHHUPOBAHHBIX BETPSHBIX [BHIATENAX, pabOTAOMX TIPH MajbIX
CKOPOCTSIX BeTpa. JTa BETPO3HEPreTHUecKasi yCTaHOBKA MOXKET BBIPaOaThIBAaTh HJICKTPOIHEPTHIO, HAUNHAS CO
CKOpocTH BeTpa 2,8 M/c.

Knrouegvie cnosa:. BeTpOIHEPreTHUYECKash YCTAaHOBKA, CKOPOCTh IIOTOKA, adpOJMHAMHUYEcKas CHIIA,
a’poanHammyeckas Tpyboa T-1-M, cuina 1060BOTO CONMPOTHBICHUS, MOIbEMHAS CHJIA.
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