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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 studieds 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.te. 12'm/s. The
dependences of the aecrodynamic 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 thecoefficient 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 oceurs,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.

Keywords: Wind power plant, flow velocity, aerodynamic force, wind tunnel T-1-M, drag force, lifting force.

Introduetion

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 solartheat is generated during energy production when fossil fuels are
burned to generate electricity and /eat.\Fossil fuels such as coal, oil, and gas are by far the biggest
contributors to global climateichange: they account for more than 75 percent of global greenhouse gas
emissions and almost 90 percent of all'carbon dioxide emissions.

Scientific evidence clearly,showsythat 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
sourcesyare 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 windturbine blade
structures.

In this regard, the experimental model proposed by us is a two-cylinder wind turbineswith 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 arg 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 ina 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.

The addition of rotatin
increase in the speed ofro

The essence ies in the fact that the fixed blade added to the rotating cylinder enhances
the curvature of't he wind-wheel blade. In this case, not only the curvature increases but also the
immediate area o e. As a result of changes in these indicators, the flow pattern completely changes.
These fac e in increasing the lift coefficient.

fron rt of the blade to the point of separation of the boundary layer, there is a gradual
dela experimental data for different elongations. With an increase in the length of the blade, the
value of d sionless 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:
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To calculate the drag coefficient C, during the work, the following formula was used:

A, g o 2R

C = (2

X

2

u
Y ¥

P 2

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

p — air density, [kg/m?]; 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-d”
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=1.49%x10" 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. Graphof 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 oo = 30° is higher than that of the others.

This is explained by the fact that when deflecting with an angle a = 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 a = 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 5. Dependence of the drag coefficient on the number of Re
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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 andidrag coefficients are obtained: 0.04 and 1.479 with a Reynolds
number of 1-10*.Compared with thesother three samples at 0°, 15°, and 45°, at 60°, the combined blade
produces maximum drag forcejand minimum lift.

The rotating movements of the cylinders lead to the formation of a sufficiently voluminous vortex zone
of reverse currents behind theseylinders, 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
o = 30°sthat theyvalue 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 o = 30° stationary, the blade has optimal aerodynamic 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. TneyGeprenoa, A.H. JliocembaeBa, H.K. Tanamesa, I11.C. Ksi3napbekona,
A.P. Myxameapaxum

BipikTipiniren Ry 3jieMeHTTEPI 0ap eKIKATAKIIAIBI KeJl IHEPTeTUKAJIBIK
KOHABIPFBICBIHBIH 23POAHHAMUKAJIBIK CUIIATTAMAJIAPBIH TAJ/1ay

Makanazna oapTyp:m HapaMeTpiaepaeri sKell KOHIBIPFBICEIHBIH a9POAMHAMUKAIBIK CUIIaTTaMataphl 3epTTereH.
Ochl MaKcaTTa KO3FaJIMaiThIH KaJlaKIIaTapbIMeH eKi IIHHAPII ToXipuOerik yiri skacanabl. Ko3raaMaidTeiH
KaJlaKIIajiapbIMeH JKoHe aifHaIMaibl IUIHHAPIEepl 0ap »Keld KOHABIPFBICHIHBIH IPHHIMIHAIBABI CYIOeci
aNBIHIBI. Aya aFbIHBIHBIH XBUITAMIBIFEL 3-TeH 12 M/c-Ka neitin e3repai. JKen sHepreTuKaibIK KOHIBIPFBIHBIH
a’pOAMHAMUKAIIBIK ~ KYLITEPiHIH aFblH  OJKbULAAMIBIFBIHA ~ TOYENALNIrT 3epTrenai. Aya  aFbIHBIHBIH
JKBUIAAMIBIFBIHAH e KOHJIBIPFBICHIHBIH IMIMHAPIHE KAaTBICTBI KO3FAaIMAaNTHIH KalaKIIaHBIH OpHAlacy o
OYpBIIIbIH ©3repTy OOWBIHINA KCIEPUMEHT HOTIXKENepiHe Taniay skyprisimai. KamakmanelH opHamacybl
e3repreH Ke3Jie aya aFbIHbIHA KaTBICThI MaHAAMIIBIK Kelepri e3repeni. MaHIaiibIK Keaepri Kylli MeH KeTepy
KYLITEPiHIH aFbIH JKbUIIAMBIFBIHA TOYeJUIri OoHbIHINA TpaduK canbHAbL. Ko3FaaMaiThIH KaslaKIIaHBIH
MWIHHIPTe KaThICThI MakcUMalibl =30° OYyphII Ke3iHJe KeTepy Kyl MEH MaHJalIbIK KeAepri KYIIiHiH
MOHI KOFapbl E€KCHJIT aHBIKTANAbl. MaHIalIbIK Keaepri Kyl MeH KeTepy KYIIiHiH K03(h(HUIMEHTIHIH
PeitHoNBC canbiHa Toyenpiniriner 30° rpagyc OypeimTa MUHEMAIIB! keTepy Kymi 0,04 skoHe MaKCHMaJIbI
MaHIaiIblK Kenepri kymi 1,479 mommepi Re=1-10* kesinme GONATBIHABIFGI AHBIKTAIALL DKCIEPUMEHT
HOTWKeJepl KOJJEeHEH OChTI LWIMHIPIEepAl alHaluablpy KesiHae maiiia OosiaTelH, Marayc s¢¢exTiciMer
KO3FaJIaThIH KOCBIMIIIA KYII KOJIaHyFa OOJIATBIHIBIFBIH KepceTeldi. byn HoTmkenep ic ky3iHzae 0i3 ymiH
naifanel OONBIN caHalagbl, OMTKEeHI Oy HOTIXKENEepAl JKENIiH TOMEH KbULAaMABIFBIMEH JKYMBIC ICTEUTIH
OIpIKTIpIIreH JKeJI KO3FAITKBIITAPBIHIA KojnaHyra Oomaapl. OcChl kel KOHIBIPFBICHI 2,8 M/C Kemd
XKBUIIAMIBIFBIHAH 0acTall SJIEKTP KyaThIH OHAIpEe ajlajbl.
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Kinm ce30ep: en SHEPreTHKalblK KOHIBIPFBI, aFbIH KbUINAMIbBIFBI, a’dpOAWHAMUKANBIK Ky, T-1-M
a3pOANHAMUKAIIBIK KYOBIp, MAaHAAHIIBIK KeAepri Ky, KeTepy KYIIi.

A XK. TneyGeprenona, A.H. lrocembaeBa, H.K. Tanammesa, I11.C. Kei3napbekona,
A.P. Myxamenpaxum

AHaIH3 23POAMHAMHYECKUX XapPaKTePUCTHK JABYXJI0NACTHON BeTPOIHEPreTHYeCKOM
YCTAHOBKH, CO/iepkalleiil KOMOMHHMPOBAHHBIC CHJIOBbIE 3J1eMEHThI

B craTee u3ydeHBI adpOMHAMIYECKUE XapaKTEPUCTHUKH BETPSHOIN yCTAaHOBKH Pa3INYHBIX IapaMeTpoB. Jlst
JaHHOI menM OBUT M3TOTOBIEH SKCIIEPUMEHTAIBHBIH 00pasel IBYXIWIMHIPOBEIH C HEMOABH)KHBIMHU
nonactamu. IlomydeHa mNpuUHOMNHATBHAS CXEMa BETPOYCTAHOBKH C HETOABIDKHBIMH JIOTIACTAMH K
Bpamaonmmucs muwimHapaMi. CKOpPOCTh BO3AYIIHOTO MOTOKA BapbHpOBalach, HauWHas oT'3 1o 12 m/c.
HccnenoBanack 3aBUCHMMOCTb ad3pOAMHAMUYECKUX CHUJI BETPOIHEPIreTHYECKOM YCTaHOBKHM OT \CKOPOCTHU
noroka. [IpoBesieH aHaIu3 pe3ysIbTaTOB 3KCIEPUMEHTA 110 U3MEHEHUIO YIUIa 0. PACHOJI0KEHHHETIOABKKHON
JIONACTU OTHOCHUTEIBHO LMJIMHAPA OT CKOPOCTH BO3AYIIHOIO MOTOKA BeTpsiHOH ycraHoBku! IlpnusmeHeHnn
HOJIOXKEHUS. JIONACTH JIOOOBOE CONPOTHBICHUE MEHSETCS OTHOCHTEIBHO BO3AYHIHOTOMIIOTOKA. [loctpoen
rpaguk MO 3aBHCHMOCTH CHJI JIOOOBOTO CONPOTHBICHHS U IIOJXBEMHON CHIBI OT CKOPOCTH ITOTOKA.
VCTaHOBIEHO, YTO MpU MakCUManbHOM yriie 0=30° OTHOCHTENLHO MHIMHIPA HEMOHMBHKHON JIOMACTH
3HaUCHUE IIOJBEMHOH CHIBI U CHIBI JIOOOBOTO CONPOTHUBICHHS BbIme. I3 3aBHCEMOCTH) KOd(dHIeHTa
MMOJTBEMHOM CHIIBI U CHJIBI JIOOOBOTO COMPOTHBIICHUS OT yucia PeitHonbaca olipedencdo, yro mpu yrie 30°
rpagycoB HaOmo[aeTcss MUHHMMaibHas moabemHas cuia 0,04 u  MakcMMainbHas cuia J1I000BOTO
conporusienust 1,479 npu Re=1-10% Pe3ynbTaTsl 5KCIEpUMEHTA MOKA3LIBAIOT, YTO MOKHO HMCIOIL30BATh
JIOTIOJIHUTEIIBHYIO CHITY, IBWXKHMYIO 3(¢dexkrom MarHyca, BO3HHUKAIOIMM, HPY BpAaLIeHWH LMWJINHAPOB C
TOPU30HTAIBHOM OCbIO. OTH pe3yNbTaThl CUMTAIOTCS MOJE3HBIMU ISl HAC HA NPAKTHKE, MOCKOJIBKY OHHU
MOTyT OBITh HCIHONB30BaHbI B KOMOMHHUPOBAHHBIX BETPSHBIX < ABUIATeNAX, pabOTAOMUX IPH MajbIX
CKOPOCTSIX BeTpa. JTa BETPO3HEPreTHIecKasi yCTaHOBKA MOXKET BBIPA0ATHIBATh HJICKTPOSHEPTHUIO, HAYNHAS CO
cKopocTH BeTpa 2,8 m/c.

Kniouesvie cnosa: BeTpo’HEpreTHYecKas YCTAaHOBKA, CKOPOCTh IIOTOKA, a’3pOAMHAMHYECKas CHIIa,
a’poanHamMmudeckas Tpyoa T—1-M, cuia 1060BOTrO CONPOTHBICHHS, IT0JbEMHAs CHIIA.
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