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ABSTRACT

The failure of power generation facilities or transformer substations leads to system failures with long-term power outages
of a significant number of consumers. To ensure the stability of the power system, it is necessary to develop distributed electricity
production, which will be carried out by small power plants directly near the places of its consumption. The paper shows the
possibility of using wind turbines as one of the elements in distributed electricity generation complexes. A comparative analysis of
existing samples and their operating conditions showed the shortcomings of existing systems. Despite the high perfection and
efficiency of samples with a horizontal axis, they are not suitable for use in urban areas or heavily intersected terrain. Samples with a
vertical axis (Savonius and Darrieus turbines) have a low power factor. To overcome existing contradictions, a fundamentally new
turbine with improved geometry was developed, the design of which allows the use of wind flow energy twice. Previous studies have
shown a significant improvement in the efficiency of combined wind turbines based on the “ARSIRY” type turbine and the
possibility of their use in wind conditions of relatively low quality (low speed, increased turbulence, frequent change in flow
direction, etc.). The use of the Bernoulli equation, which represents the sum of the three components of the specific energy of the
flow in the form of the “total pressure” indicator, is justified for creating a model of aerodynamic processes in a double turbine of the
“ARSIRY” type. Analysis of the features of air movement in the flow part of a double turbine using the equation provides an
explanation of the principle of double use of flow energy. The key importance of reducing the resistance of individual parts of the
turbine for increasing turbine power through rational use of air velocity at a given value of the energy potential of the flows is shown.

Keywords: Model of aerodynamic processes; double turbine; “ARSIRY” type turbine; reducing the resistance; Renewable
Energy Sources

The study aims. Significant damage to energy facilities in the conditions of full-scale armed
aggression of the Russian Federation showed the vulnerability of the energy system of Ukraine. The
failure of electricity generation facilities or transformer substations leads to system accidents with
long-term power outages of a significant number of consumers.

To ensure the stability of the energy system, it is necessary to develop decentralized

electricity production, which will be carried out by small power plants directly near the places
of its consumption [1]. Distributed energy generation can be implemented on the basis of
renewable energy components. As a rule, these are wind power plants, solar panels, biogas
plants, small hydroelectric power plants etc [2].
According to Ukrainian experts, Ukraine has quite large wind energy resources. The annual
technically achievable energy potential of wind energy in Ukraine is equivalent to 10.5 million
tonnes of oil equivalent (Mtoe) and its use allows saving about 13 billion m® of natural gas
annually.
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The above indicators correlate with the forecasts of scientists from Stanford University in the
USA regarding the transition of the energy sector of most countries in the world to alternative
energy sources.
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Fig. 1. Prospects for the transition to water, wind and solar energy in Ukraine

State of the problem. The current state of renewable energy generation has a number of
significant drawbacks. For example, seasonal and daily fluctuations in indicators (temperature
differences, frequent changes in wind speed and direction, etc.) make electricity production poorly
predictable and sometimes uncontrolled. In addition, modern models of wind turbines with a
horizontal axis are not suitable for use in urban areas or in very rough terrain.

Wind turbines with a vertical axis known for simplest design and have a number of advantages
over the above constructions. They can operate in conditions of high turbulence; their operating
parameters do not depend on the wind direction. It should also be noted the low wind speed
required for self-starting (up to 2 m/s). As a disadvantage: low efficiency and, as a result, a low
level of average annual electricity production.
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To use vertical axis complexes, it is necessary to increase the efficiency (power coefficient).
Since in Ukraine, wind speeds only in coastal regions have average values within Vi = 3-6 m/s.
Winds in European countries have a range of average speeds V. =5 — 10 m/s.

The corresponding generation of specific electric power of the turbine N [Watt], depend on
the area of the flow section of the turbine S = 1 m? and can be calculated by the formula:

Nel = 0,5 Cp * pV?3;[Watt] (1)
Nideal = pV2/2 * Q = pV2 *(V*S).

The main indicator of the quality of wind turbine design is the power ccoefficient of turbines
(rotors) of wind generators. Cp = Nei / pV3S. For the speed range V2, the power ccoefficient of wind
turbines can reach Cp = 0.4. However, at lower wind speeds (or at higher) this figure can decrease
significantly.Purpose of the work.

Justification for dual use of wind energy due to the special design of the “ARSIRY” turbine to
increase the efficiency of wind turbine-based complexes.
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Fig. 3. Banky’s turbine and double turbine “ARSIRY” for the wind power complex

In order to expand the possibilities of using wind energy for electricity generation in the south
of Ukraine, a design of a double turbine has been developed, which can increase the specific
electricity generation. Experiments have shown the possibility of increasing the performance of
turbines due to the double use energy of the wind flow [5, 6].

Reducing the resistance of parts of the wind turbine ensures an increase in turbine power due to
the rational use of air velocity at a given value of the energy potential of the flows.
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Fig. 4. Electrical power of the Nel wind turbine with dimensions D =1mand H=1m
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For known wind turbines of the vane type, the priority average wind speed is considered to be
Vc =7.5-12.5 m/s. For the Dareus wind turbines type the priority wind speed is Vc =5 — 8 m/s,
and the initial speed starts from Vstart = 1.0 m/s. In this case, the installation of wind turbines will
be economically justified. For Ukraine, it is considered advisable to use wind turbines with a wind
speed range of Vc = 4.5 -5.5 m/s [3, 4].
Results. On special equipment, studies of new type double turbine of the “ARSIRY” type were
carried out to create rooftop wind power complexes. Such complexes can be widely used in high-
rise buildings, as well as for individual power supply of private houses. Tests at the stands showed
that the “ARSIRY” type turbine operates at wind speeds of less than 4m/s, which makes it possible
to use them widely.

The justification of the features of air movement in the flow part of the double turbine can

be done by the Bernoulli equation for an ideal fluid, which represents the sum of the three
components of the specific energy of the flow in the form of the “total head” — H:

H=e=pgz + P1+ pV1%/2 = pgzs + P2 + pV2%2 = const; [Pa] (2)

For wind flows, the height component can be neglected, so the equation has two parts of
energy: potential — P and dynamics — pV2?%/2. Fig. 5 shows a diagram of the process model in a
double turbine.

kvﬂihéz
16— @
///
12_ S Pf» e
pg| ™ s
8_
L—
Ve
0— d5A7'—L
Zs
5

Fig. 5. Model of fluid motion according to the Bernoulli equation

Analysis of the components of the Bernoulli equation for an ideal fluid (2) provides an
explanation the principle of the double use energy of the flow. The lower part gets the flow with the
real wind speed V1 and the maximum potential component — pressure P1. In the lower part, the first
potential component of power is formed.

Now1=P1*Q=P1*(V1*S1) ==V3% *S;; [Watt] (3)

In the middle part, the flow turns 90° and exits the upper part with an increase in velocity
proportional to the decrease in cross-section area. In direction, the velocity component at the flow
outlet is close to a tangential circle and is directed in the opposite direction to the direction of
turbine rotation to ensure the maximum dynamic energy component, which creates additional force
with the actual flow velocity V.

Nfiows = kKV3? * Q = kVa? * (V * Sp) =V3* * Sg;  [Watt] (4)
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In a double turbine, the real power, taking into account the efficiency coefficient, can be
calculated using the equation.

Ngen = Nfiow.1 + Nfiow.3; [Watt] 5)

Therefore, in the classification of turbine designs, it is possible to introduce the name double or
potential-dynamic turbine.

Conclusions. A double turbine allows you to use the energy of the wind flow twice. To analyze
the processes in the Banky turbines and the double "ARSIRY" turbine, it is advisable to use the
Bernoulli equation.

An important factor in increasing the power and efficiency of turbines is the reduction of
resistance to flow parts, which improves the dynamics of air movement and increase the power
factor.
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AHOTAIIS

Busenenns 3 nagy o0’exTiB reHepanii exekTpoeHeprii abo TpaHCGOPMATOPHUX MiACTAHIINH MPU3BOAUTEH IO CHCTEMHHUX
aBapiii 3 JOBTOTPHWBAIUM 3HECTPYMIICHHSM 3HA4HOI KUIBKOCTI CHOKWMBadiB. [[s 3a0e3medeHHS CTIMKOCTI €HEProCHUCTEMH
HEOOX1ZHUI PO3BUTOK PO3IOAITIEHOIO BUPOOHHITBA €JIEKTPOEHEprii sike Oyzae 3/iHiCHIOBATHCS HEBENWKHMHU €HEPreTHIHHMHU
yCTaHOBKaMH Oe3mocepe b0 OiJist Micupb ii CIIOKUBaHHS.

B po6oti nmokazana MOMJIMBICTh BUKOPHCTaHHS BITPOYCTaHOBOK SIK OTHOTO 3 €JIEMEHTIB y KOMIUIEKCaX PO3IIOIiIeHO] reHepamnii
enektpoeHeprii. [IopiBHUIBHII aHaNi3 ICHYIOUMX 3pa3KiB a TAaKOX YMOB iX eKCIUTyaTallil IToKa3aB HEJONIKH iCHylounx cucreM. He
3Ba)Kal0YM HA BHCOKY JOCKOHAIIICTH Ta €(eKTHBHICTH 3pa3KiB 3 TOPH3OHTAIHHOIO BICCIO BOHHM HE NPHIATHI JJIsI BUKOPUCTaHHSI B
MICBKill 3a0ymoBi a00 CHIJIBHO IEpeciuHiii MicleBOCTi. 3pa3Ku 3 BEepTUKAIBHOI Biccio (TypOinm CoBoHiyca Ta Jlappe) MaroTh
HU3BKUI KOSQIIEHT MOTYKHOCTI. J[JIs TOI0NIaHHS iICHYFOUMX MPOTHPIY Oysia po3pobiieHa MPHHIMIIOBO HOBA TypOiHAa 3 MOKPAIICHO
TeOMETpi€l0, KOHCTPYKIIs SIKOI JI03BOJISIE [BIYi BUKOPHUCTOBYBATH €HEPril0 BITPOBOro moToky. [lomepeaHi mocimimKeHHs MOKa3aan
CYITEBE NOKpAIICHHS IIOKa3HUKIB e(QEeKTUBHOCTI KOMOIHOBaHMX BITPOYCTAaHOBOK Ha ocHOBi TypOiHm THmy «ARSIRY» Ta
MOXKJIMBOCTI X BHKOPHCTaHHS B BITPOBHX YMOBAaX BIIHOCHO HU3BKOI SIKOCTi (HEBEJHKa IIBHAKICTH, MiJIBHIICHAa TypOYJICHTHICTb,
YacTa 3MiHa HaNpsSIMKY ITOTOKY TOIIO).

OOrpyHTOBaHO BHKOPHCTAHHS PIBHSHHS bBepHym1i sike mpeicTaBise CyMy 3 TpeX CKIAOBHX MHUTOMOI €Heprii MOTOKy Y
BUTJISIII TIOKa3HMKA «ITOBHHUH HAIip» IJIsl CTBOPEHHS MOJENI aepOAMHAMIUHMX IIPOIECiB B ABOKpaTHIH TypOiHi Ty «ARSIRY».
AHani3 oco0nMBOCTEH pyXy MOBITPS Yy NMPOTOYHIH YacTHHI JBOKPAaTHOI TypOiHM 3 BHKOPHCTaHHSIM DIiBHSHHS Ja€ IIOSCHEHHS
TIPUHIUITY TBOKPATHOTO BUKOPHCTAHHS €HEPTii MOTOKY.

[NokazaHo KIIOYOBE 3HAUEHHS 3HIDKEHHS OIOPIB OKPEMHX YaCTHH TypOiHM UISl 30UIBIIEHHS MTOTY)KHOCTI TypOiHH 3a paxyHOK
palioHaJbHOr0 BUKOPUCTAHHS MIBUAKOCTI PyXY IMOBITPS TIPH 3alaHiil BEIMUYMHI eHepreTHYHOro MMOTeHIIaTy TIOTOKIB.

KorouoBi cioBa: Mozenb aepopMHaMi4HHMX TIpoOLEciB; moxBiiHa TypOiHa; TypOiHa Tumy «APCIPI»; 3MeHIIeHHs omopy;
Binnosmrosawi [xepena Eneprii
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