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Investigation of Aerodynamic Characteristics of a Two-Bladed Sailing Wind Turbine

The article examines a prototype of a wind turbine with two blades. For experimental work, a mock-up of a
sailing wind turbine consisting of two blades was developed. The material of the sail blades was selected
according to elasticity and lightness, cheapness, roughness of the streamlined surfaces. The study shows the
aerodynamic parameters acting on the blade. The air flow velocity varied from 3 to 12 m/s. The dependence of
the lifting force and the frontal barrier on the air flow velocity was obtained by turning the blades of the wind
turbine so that the angle of attack was o = 00, 150, 300, 450, 600. It is established that when the position of the
blade’s changes, the lifting force and the drag force decrease. With an increase in the angle of attack a > 00
leads to a decrease in the midsection of the wind wheel with respect to the air flow. On this basis, there is a
decrease in aerodynamic forces. As the speed of the air treacle increases, the speed of rotation of the wind
wheel also increases. However, during the experiment it was found that the location of the blades at different
angles affects the numerical value of the rotational speed. According to the conducted experiments, several
values were obtained. The analysis of the obtained values is carried out. A graph is constructed based on the
dependence of the wind wheel rotation frequency on the wind speed with a change in the angle of attack. A
wind turbine with blades with a variable angle of attack, which, turning, gradually become more parallel to the
direction of the wind. Centrifugal forces regulate the inclination of the blades, and as a result, the speed of
rotation of the wind wheel, and keep the wind generator at the nominal speed of rotation.
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Introduction

The limited fuel reserves in the world by the end of the twentieth century led to a revival of interest in
wind energy, which is almost endless.

It is important for Kazakhstan to develop environmentally friendly energy technologies to avoid
environmental pollution caused by coal-fired power plants. In addition, the development of renewable energy
sources diversifies the economic and energy sectors of the country, while improving the environment and human
health. The climate in Kazakhstan is favorable for the construction of wind power plants due to the presence of
wind corridors with a wind speed of more than 5 m/s, which is necessary for the operation of wind turbines.

The development of renewable energy in general gives Kazakhstan the opportunity to build a strong
economy and meet its demand for energy consumption [1]. According to annual meteorological data, the
average annual air flow velocity is 3-3.5 m/s, which varies from the terrain of the territory [2].

In this regard, the development and research of wind turbines that work efficiently and generate electricity
at low wind speeds is relevant.

At low wind speeds from 2 m/s to 5 m/s, sailing wind turbines have an advantage in the form of starting
the operation of the wind wheel and generating electric energy over traditional blade wind turbines.

Also, sailing wind turbines have increased efficiency compared to classical wind turbines [3] due to the
so-called adjustment to the direction and strength of the wind. If conventional wind turbines have an efficiency
of 30 %, then a sailing-type wind turbine gives all 80 %. Its efficiency exceeds the blade-type wind turbines
by 2.3 times.

An important advantage is that the operating costs of sailing wind turbines are twice as low as those of
conventional installations.

The original design of the wind wheel makes it possible to do without other weather- or wind-oriented
devices [4-6].

Sailing aerodynamic surfaces are installed to the wind in such a way that they provide maximum resistance
to the air flow, that is, they have high frontal or aerodynamic resistance. This position allows them to create
maximum pressure on the surface and obtain, respectively, the maximum driving (aerodynamic) force [7].
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To increase the strength of the sail blade, the authors of the patent for the invention [8] included wind
turbines of wind intakes and wind deflectors in the design, which are made of sail fabric with the possibility
of lifting and lowering it, in which part of the blade of the rotor blades from the inner rib is made whole, and
the rest up to the outer rib is in the form of vertical blinds. However, the disadvantage of such a design is the
bulkiness and complexity.

The novelty of the work is the addition of an adjustment mechanism to control the pitch of the blade
rotation by changing the angle of attack when the wind increases.

The aim of the authors' work is to study the aerodynamic characteristics of a two-bladed sailing wind
turbine. This goal is achieved by the following tasks:

- creating a layout of a two-bladed sailing wind turbine;

- conducting experiments in the T-1-M wind tunnel,

- determination of the drag force of the sail blades from the angle of attack at different wind speeds;

- determination of the lifting force of the sail blades from the angle of attack at different wind speeds;

- finding the rotation frequency of the wind power plant from the angle of attack at different wind speeds.

Experimental methodology

To create a real wind turbine design with sailing blades, a two-bladed sailing wind turbine was developed
and created, where the blades are made of elastic, lightweight and durable material [9]. The material of the
raincoat, having a high density, also has a large roughness of the streamlined surfaces. The elasticity and
lightness of the raincoat material ensures the flexibility of the surface, which is well amenable to fluctuations
in the air flow, which reduces its resistance. An estimated comparison of the resistance of a solid triangular
plate of a similar area showed significantly greater resistance than that of a movable, self-regulating air flow
form, triangular sail.

The wind wheel is fixed through bearings to the mast. The mast is made of 40 mm plastic pipes. The
metal axis of rotation of the wind wheel and the metal frame of the blades are fixed to the bearings. The
triangular shaped blade frame consists of two metal rods 22 cm and 13 cm long.

A sail cloth is fixed to the frames of the blades. The material of the sail consists of a raincoat fabric [10].
Raincoat is a fabric made of natural or synthetic material, which is impregnated with a special moisture—
repellent substance. This substance protects the material from getting wet and helps to remove moisture. The
material of this nature is convenient and necessary for use in rainy and snowy seasons.

Experimental studies were conducted at the Scientific Center “Alternative Energy” in the laboratory
“Aerodynamic Measurements” of the Faculty of Physics and Technology of the Academician E.A. Buketov
Karaganda University.

All experimental studies were carried out in the T-1-M wind tunnel. Drag forces and lift were measured
on aerodynamic scales. The location of the sailing lines in the working part of the T-1-M wind tunnel is shown
in Figure 1.

The flow rate was controlled using the wind tunnel control panel and varied from 3 m/s to 12 m/s.

When the wind increases, the adjustment mechanism controls the pitch of the blade rotation, changing
the angle of attack. The rotation speed of the wind wheel will slow down and the wind turbine will have a
stable output power and safe operation and maintenance. The wind wheel will never go beyond the permissible
limits of rotation speed, even when faced with variable wind speed and strong storms.

(]

b)
1 — blade frame, 2 — blade material, 3 — wind wheel rotation axis, 4 — mast.
Figure 1. Location of the sail blade in the working part of the T-1-M wind tunnel (a), schematic diagram (b)
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The wind wheel (Fig.1), driven by the thrust of the sail blades, experiences the action of several forces,
of which the actual thrust force and the lifting force arising on the sails are useful. Another component is the
drag force of the sail.

The novelty of the prototype is that the fabric is attached to an L-shaped base.

Based on laboratory studies, the sailing aerodynamic surfaces of the prototype showed maximum
resistance to air flow, i.e. high frontal or aerodynamic drag.

When studying the effect of wind on a sail, a whole set of forces arises on it, including aerodynamic force.
A rarefaction region appeared on the outside of the sail, where aerodynamic forces arise, the resultant of which
R (Fig. 2) is almost perpendicular to the chord of the sail — the segment connecting the edges of the sail. The
value of the force, as well as the point of application of the resultant, strongly depend on the angle at which
the sail (its chord) is to the wind — this angle is called the angle of attack, as well as the bending of the sail
(the potbellied was 5 cm), wind strength and how much the incoming wind flow is laminar, that is, without
vortices and turbulence.

If we decompose the aerodynamic force into two components — parallel X and perpendicular to the wind
Y, then we can estimate how much the sail will tend along with the wind and move perpendicular to the wind.
In this case, the Y component is called the lifting force (because it is this force that causes the blade to rise
when the blade is horizontal), and the X component is the drag force of the sail.

Figure 2. Distribution of forces on the surface of the sail blade

If we consider the movement of the wind engine in sharp directions to the wind, then the efficiency of
the sail as a driving force depends on the same parameters as the efficiency of the blades when creating lift:

— surface area of the sail;

— the profile of its cross-section;

— the angle of the installation of the sail in relation to the incoming air flow (pennant wind) and wind
speed,;

—aerodynamic elongation and shape of the sail contour.

The blades of a wind turbine with a dynamically changing surface have a shape that allows you to get the
maximum effect from the wind force at minimal cost. The choice of blade material also affects the aerodynamic
parameters or the performance of the wind turbine.

Research results

The resulting aerodynamic force of the sail is formed by two main components: lifting force (Fy) and drag
force (Fy). The lifting force (Fy) acts at right angles to the wind, and the drag force (Fy) acts downwind. As the
wind speed increases, the drag force grows faster than the lifting force. Therefore, for different wind speeds,
different forms of sails differ, which have optimal lift-to-drag ratios.

Figure 3 shows a graph of the dependence of the drag forces of the sail blades on the angle of attack at
different wind speeds.
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Figure 3. Graph of the dependence of the drag forces of the sail blades
on the angle of attack at different wind speeds

The dependence of lift and drag on the angle of attack is crucial in determining the effectiveness of the
sail blade.

As can be seen from the graph, a change in the drag force at the angle of attack o is obtained=0°, 15°, 30°,
45°, 60° in different wind speeds. When analyzing the quantitative values of the drag force, it was found that
at 0 degrees with an increase in wind speed, the drag force value becomes higher. The maximum value of Fx
=34 Nisata=0°and 12 m/s.

Figure 4 shows a graph of the dependencies of the lifting force of the sail blades on the angle of attack at
different wind speeds.
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Figure 4. Graph of the dependence of the lifting force of the sail blades on the angle of attack at different wind speeds

Figure 5 shows a graph of the dependencies of the rotational speed of a prototype wind power plant on
wind speed. It is shown how the value of the lifting force changes with an increase in wind speed and a change
in the angle of attack. It is established that at the angle of attack o = 0 °, the maximum values of the lifting
force are obtained. The measurement error is 1-2 %.

The lifting force is the result of an uneven distribution of air pressure on one side compared to the other
side of the sail blade. Based on this, according to the Bernoulli principle, the sail has a lower air pressure on
the front (leeward) side and more pressure on the rear (windward) side. With a minimum angle of attack, since
the flow smoothly flows around the sail blades, there is a smooth transition from low pressure on the leeward
part to higher pressures on the windward part.
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It is necessary to pay attention that the sail blades with a high angle of attack have a very low pressure
near the front, which is then followed by a sharp increase in pressure. In this case, the boundary layer cannot
withstand such a rapid increase in pressure, as a result of which the flow is separated, and the flow is disrupted,
which entails a decrease in the value of the lifting force.

From the obtained dependences (Fig. 3-4), the proportional dependence of the lifting force and the drag
force of the blades on the angle of attack is visible.
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Figure 5. Dependence of the rotation frequency of the wind power plant on the angle of attack at different wind speeds

Figure 5 shows that an increase in wind speed leads to an almost linear increase in the number of
revolutions of the wind wheel per minute. This is due to the fact that with an increase in the wind speed running
into the wind wheel, the pressure force acting on the sail blades increases linearly. It is established that at an
angle of attack of 0, the maximum aerodynamic quality of the wind wheel is realized. At a given angle of
attack, maximum aerodynamic forces arise, which causes the wind wheel to rotate.

Conclusion

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

- a graph of the dependences of the drag forces of the sailing blades on the angle of attack at different
wind speeds, based on it is established that the maximum value of Fx = 34 N has at o. = 0% and 12 m/s. This
fact is explained by the fact that with an increase in the deviation of the flow direction from the perpendicular
to the plane of the blades, a restructuring of the turbulent air flow around the wind turbine occurs. In a turbulent
flow, as a result of interaction with secondary flows created by the sail blades, pressure discharge zones appear,
the volume of this discharge zone varies depending on the angle of attack of the air flow. As a result of the
interaction of the pressure field created by the main flow and the discharge zone created by the secondary flow,
we have a complex dependence, where the drag force with increasing flow velocity and angle of attack begins
to decrease sharply. This is due to the turbulence of the flow, as a result of which turbulent vortices create
additional aerodynamic drag;

- a graph of the dependencies of the lifting force of the sailing blades on the angle of attack at different
wind speeds, based on which it is determined that at the angle of attack o = 0 °, the maximum values of the
lifting force are obtained, because at the minimum angle of attack, the flow smoothly flows around the sailing
blades, there is a smooth transition from low pressure on the leeward part to higher pressures on the windward
part;

- the dependence of the rotation frequency of the prototype wind power plant on the wind speed, at which
it is established that, at an angle of attack of 0°, the maximum aerodynamic quality of the wind wheel is
realized.
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A. K. TneyGeprenosa, H.K. Tanamesa, K.M. lllaitmepnenosa, H.K. bormaes,
JILJI. Munbkos, C.b. KacueB

Exikamakmanbl skeJKeH/i 2KeJ1 KOHIbIPFbICHIHBIH 23PO0AUHAMHKAJIBIK
CHIIATTAMAJIAPBIH 3epTTey

Makanaza exikaJakIiaibl )KeIKEeH/I1 el KOHABIPFBICHIHBIH TOXKIPUOEINIK YITici 3epTTeNnTeH. DKCIIepUMEHTTIK
JKYMBIC JKacay YIIiH KeJIKCHIl eKiKaIaKIIagaH TYPaThIH el KOHIBIPFBICHIHBIH MaKeTi jkacaiibl. JKemkeHmi
KalaKIiagapAblH MaTepuaibl HMKeMIUTINT MEH JKEHUINIr, ap3aHIbiFbl, TETICTENreH OeTTepIiH Kemip-
OYIBIPIBIFEl OOMBIHINA TaHAAN albIHIBL 3epTTey OaphIChIHIA KallaKllara ocep CTETiH a’pOJHHAMHUKAIIBIK
napameTpiiep KopceTiIreH. Aya aFbIHBIHBIH KbULIaMABIFbI 3-TeH 12 M/c-Ka naeitin e3repai. [aOybut Oyphinib
a=0°, 159, 30°, 45°, 60° GonaTeiHAAll KeJl KOHIABIPFBICHIHBIH KANAKIIAIAPhIH Oypa OTBIPHII, aya aFbIHBIHBIH
JKBUTJAM/IBIFBIHA KOTEPY KYIIi MEH MaHAAMIBIK KeIepTi KYIIiHIH ToyeNaiiri ansiHapl. Kanakmanrap opHanacy
JIEHreiiH e3repTKeH e KoTepy KYIIl MEH MaHIaWIbIK Keaepri KYIIiHiH TOMeHIeHTiHI aHbIkTanabl. [a0ysut
Oyphilibl ockeH caiibid 0>00 aya aFbIHBIHA KATBICTHI JKEN JOHFAIAFBIHBIH MHUIEIb KUMACHIHBIH TOMEHCYiHE
anpin Kenemi. COHBIH HETI3iHAE a’pOJMHAMHKAIBIK KYIITEPIiH TOMEHACYi Oaikanaipl. Aya arbIHBIHBIH
JKBUTIAMIBIFBI APTKAH CaWbIH JKEJT TOHFAJAFBIHBIH aiffHaTy KWITIri Ie apraabl. Anaiifa KalakiiaiapIbiH
OpTYpJii OYpBIII kacali OpHATIACybl alfHANy KWIITIHIH CaHIBIK MOHIHE ocep CTETIHIr TaKipube Ke3iHze
aHBIKTANBL JKacanFaH SKCIepUMEHTTEp OOMbIHIIA OipHEIIe MOHICP ANBIHABL. AJIBIHFAH MOHACPTe Taiaay
skacangsl. 1aOypm OyphIMIBIHBIH ©3repyiMeH el JKbUIIAMIBIFBIHA JKEN JOHFaJIaFBIHBIH aifHay JKHLTIri
TOYeNIUTIrT OOMBIHINA IPAdHK TYPFHI3BUIIEL.

Kinm co30ep: KeTepy KYIIi, )Kel dHEPTeTUKANBIK KOHIBIPFBI, MAHIAHIBIK KeepTi KyIIi, I1a0ybl OYPHIIIBL,
JKEIT JKBUIIAMIBIFBI, aifHAITY JKULIITI.
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A XK. TneyGeprenona, H.K. Tanamesa, K.M. Illaiimepnenosa, H.K. bormaes,
JI.JI. Munekos, C.b. Kacuen

HcciienoBanue a3poaAnHAMHYECKHX XaPaKTEPHCTHK ABYXJI0MACTHOI MapycHOM
BETPOYCTAHOBKH

B cratee uccnenoBaH OmBITHBINA 0Opasen BETPOYCTAaHOBKH € JIBYMs JomacTsAMH. I8 SKCIIepUMEHTaIbHOM
paboThl ObUT pa3paboTaH MakeT HMAapyCHOW BETPOYCTaHOBKHM, COCTOSIIEH W3 ABYX JomacTtedl. Matepuan
MapyCHBIX JIONACTEH IMOXOMpAJICS 1O 3JACTHYHOCTH M JIETKOCTH, JEIIEBH3HE, IIePOXOBAaTOCTH OOTEKaeMBIX
MOBepXHOCTeH. B Xoze uccneqoBanys moka3aHbl a3poIMHAMHYECKHE ITapaMeTpHl, JeHCTBYIOIIIE Ha JIONACTh.
CKOpOCTh BO3IYIIHOTO MOTOKa BaphHPOBANach OT 3 mo 12 M/c. 3aBHCUMOCTh TOIBEMHOM CHIIBI U TOOOBOM
Hperpajbl 0T CKOPOCTH BO3AYILIHOTO IOTOKA MOTy4alIH ITyTeM IOBOPOTA JIONACTEH BETPOABUTaTEIs TAK, YTOOBI
yroix araku cocrasisn o = 0°; 15% 30 45° u 60°. YcTaHOBIEHO, YTO NPU W3MEHEHHMH MOJIOKEHHUS JIONACTER
YMEHBIIAIOTCS MOABEMHAs CHIa M CHIa J00OBOro compoTuBieHMs. lIpu yBeqWdeHMH Yraa aTaku
a > 00 HabiroaeTcst yMEHbIIEHHE MUIETBHOTO CEYEHHS BETPOKOIIECA MO OTHOIIEHHUIO K BO3/LyITHOMY TIOTOKY.
Ha 3T0it 0CHOBE TPOUCXOIUT CHIDKEHHE a3pOANHAMHYIECKHX cHIL. I1o Mepe yBennueHus: CKOpoCTh BO3AYLIHOTO
MOTOKa ¥ YacTOTa BpaleHHs BeTpoKojeca Bo3pacTaloT. OHAKO BO BpeMs HKCIIEPHMEHTa YCTaHOBICHO, YTO
pacroyioxKeHHe JIoNacTedl Moa pa3sHbBIMHU yIJIaMU BIIMSIET HA YHCICHHOE 3HadeHHe JacTOThl BpameHus. Ilo
yKa3aHHBIM BBIIIE SKCIIEpUMEHTaM OBLIO ITOJy4eHO HECKONbKO 3HaueHHi. [IpoBeneH aHaIM3 HOIyYeHHBIX
3HaueHnit. [loctpoeH rpaduk 1Mo 3aBHCHMOCTH 4acTOTHI BpALIEHHs BETPOBOI'O Kojeca OT CKOPOCTH BETpa ¢
U3MEHEHHEM yIJla aTakd. BeTpoycTaHOBKa C JIONACTSAMH C H3MEHSAEMBIM YTJIOM aTakd, KOTOPBIE,
MOBOPAYNBAsCh, OCTEIIEHHO CTAHOBHUTCS BCE OoJiee MapauieNbHHBIM K HalpaBlIeHHIo BeTpa. LleHTpobexHbie
CHJIBI PETYNIHPYIOT HAKJIOH JIOMAaCTeH M, KakK CIIEICTBUE, CKOPOCTh BpAIIEHHs BETPOKOIeca, W Aepxkar
BETPOTEHEPATOp NPHU HOMHUHAIBHON YacTOTE BPAICHUS.

Knrouesvie crnosa. nogbeMHast CHJIa, BETPOOHEPI€TUYICCKasA YCTaHOBKA, CHUJia J1000BOTO COIIPOTUBJICHUSA, YT'OJI
aTaKu, CKOPOCTb BETPA, 4aCTOTa BpalliCHUSA.
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