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Abstract—The paper proves the need to create vertical-axial rotors of wind power plants in the city strip,
which can be placed on roofs, which makes it possible to increase their energy efficiency by 60-70%. It is
shown that the placement of such rotors on the roofs has its own characteristics, which is the need to take
into account the relief of the roof of the house, its surface area, rose and wind speed over it and others.
Examples of wind farms are considered and it is proved that their energy efficiency can be increased by
using hybrid vertical-axial rotors, which consist of a combination of Darrieus and Savonius rotors, where
the Darrieus rotor is the main source (s) of wind energy conversion. in electric, while the rotor (s) of
Savonius provide acceleration of Darrieus rotors. In order to improve the quality of design, an automated
design system was developed, which includes the following blocks: determining the forces affecting the
rotor, choosing the type of main and accelerating rotors, determining the optimal number of blades,
optimal rotor placement, calculation of dynamic rotor characteristics, analysis of probable wind speed

characteristics and strength calculation.

Index Terms—Aerodynamics; controlled deflection angles; rotor Daria; wind turbine; incompressible;

viscous.

I. INTRODUCTION

Today, much attention is paid to wind energy
around the world, for example: in Germany — 25%,
China — 52% in the US — 31%, and the vast majority
of wind energy is converted into electricity through
the use of horizontal-axis wind farms, which are
dangerous in terms of health impact for humans,
animals, birds, so there are restrictions on their
placement near homes, etc. Vertically axial wind
farms do not have such restrictions and therefore they
are promising for placement in urban areas,
especially on the roofs of high-rise buildings. Due to
their use, it is possible to significantly increase the
production of clean energy for urban lighting,
illuminated advertising, ensuring the operation of
traffic lights, lighting ancillary premises in buildings.

Il. CLASSIFICATION OF VERTICAL-AXIAL ROTORS

Vertical-axial rotors can be divided into the
following: Savonius rotor, Darrieus rotor (Figs 1, 2)
and hybrid [1].

In turn, the Savonius rotor is determined by such
parameters as (Fig. 1): height (H), rotor diameter (D),
shaft diameter (c), blade length (d).The article deals

The Darrieus rotor also has several types, namely:
D-type D-rotor, helical, or ordinary Darrieus rotor
(Fig. 2). Darrieus rotor is characterized by
parameters (Fig. 3): height (H), rotor diameter (D),
blade length (c).

a) b)

Fig. 1. Scheme of the Savonius rotor: (a) front projection;
(b) horizontal projection

Fig. 2. Types of Darrieus rotor

©National Aviation University, 2021
http://jrnl.nau.edu.ua/index.php/ESU, http://ecs.in.ua


mailto:svm@nau.edu.ua
mailto:2alexstanis11@gmail.com

V.M. Sineglazov, O.V. Stanislavchuk Automation Disign of Hybrid Vertical-axial Rotors 45

Fig. 3. Scheme of three blades Darrieus rotor

Hybrid vertical-axis rotors consist of Darrieus
and Savonius rotors. Let's consider features of a
design:

1) Savonius rotor, which is located on the shaft
of the Darrieus rotor in the middle (Fig. 4).

2) The Savonius rotor is located above the
Darrieus rotor (Fig. 5).

3) The Savonius rotor is located below the
Darrieus rotor (Fig. 6).

Fig. 4. Hybrid rotor with three blade Darrieus
and double rotor Savonius in the middle

Fig. 5. Hybrid rotor with five blades H-type Darrieus
and Savonius on the top

Fig. 6. Hybrid rotor with 3 blade H-type Darrieus and
double rotor Savonius below

It can be concluded that the hybrid rotors of
Darrius and Savonius differ from each other by the
types of rotors by their placement on the shaft, as
well as the number of blades.

IH1.MATHEMATICAL MODELS OF DARRIEUS AND
SAVONIUS ROTORS

The numerical solution of the Navier—Stokes
equation for a combined rotor is a rather complex
computational procedure, which is why this paper
proposes an iterative procedure consisting of
alternating aerodynamic calculations of the Darrieus
and Savonius rotors that make up the combined rotor
[2]. We solve the problem of flow around each rotor
separately, taking into account the mutual influence
of the rotors through the boundary conditions (GU) in
the sections I-1 and 11-11 between the rotors (Fig. 7).

Fig. 7. Aerodynamic scheme of the combined rotor

The modeling uses a viscous gas flow model with
averaging of turbulent characteristics (Reynolds-
averaged Navier—Stokes equations for
incompressible fluid). In compact form:
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where x;, i = 1, 2 are Cartesian coordinates (X, y); t is
the time; u; is the projections (u, v) of the average
velocity on the Cartesian coordinate axis; p is the
pressure; p is the density; v + v

P =1/ 2(pAv3Cp) is the effective coefficient

availeble.max
of kinematic viscosity; v and v; is the molecular and
turbulent coefficients of kinematic viscosity.

In this regard, it can be concluded that to obtain
the desired power results, it is necessary to find the
optimal parameters of the hybrid rotor, namely: the
type of rotors, their placement on the axis, the
number and type of blades.

Veef =

IV. SETTING OBJECTIVES

The task is to develop optimal designs of hybrid
rotors according to the following criteria: power, cost.

The search for the optimal design is to determine
the structure of the rotor (number of Darrieus
Savonius rotors, choice of type of Savonius Darrieus
rotors (blade shape, their mutual placement,) and its
parameters, number of blades, height, blade width,
profile shape).

V. OVERVIEW OF DESIGN APPROACHES

Approaches to construction of hybrid rotors are
considered in the works.

The following optimization blocks for finding the
parameters of hybrid rotors are given in the literature:

1) Finding the optimal parameters using the
method of swarming particles.

2) Using the Navier—Stokes equation.

3) Use the method of calculating hydrodynamics
(CFD).
4) Using a genetic algorithm.

V1. AUTOMATION OF DESIGN OF HYBRID-
VERTICAL AXIAL ROTORS

To solve the problem related to design automation,
it is necessary to develop an automated design
system, the strict scheme of which is shown in Fig. 8.

VII.ALGORITHM FOR CALCULATING HYBRID
ROTORS OF WIND POWER PLANTS

Given the problem of designing hybrid vertical-
axial rotors, we can conclude that this problem is
multi-criteria, because in its solution it is necessary
to optimize two criteria, on the one hand to
maximize power and minimize cost. A multi-criteria
genetic algorithm is used to solve this problem.

VIII.

The use of genetic algorithms to solve multi-
criteria optimization problems eliminates the main
disadvantages of classical methods, as genetic
algorithms are suitable for large-scale problems and
are able to capture Pareto-optimal points even when
running the algorithm once. By supporting a
population of solutions and applying the concept of
Pareto-optimality, genetic algorithms can find
different Pareto-optimal solutions in parallel [4].

Thus, unlike most classical approaches to solving
multicriteria optimization problems, when to obtain
each individual point it is necessary to run a separate
algorithm for finding Pareto-optimal solutions, using
an evolutionary approach to vector optimization, due
to the inherent parallelism in genetic algorithms, it is
possible to obtain different points of the Pareto set
with one run of the algorithm. The scheme of
execution of this algorithm can be shown in Fig. 9.

GENETIC ALGORITHM

IX. THEORETICAL FOUNDATIONS

The main equations that were used to build the
mathematical model of VAWT will be presented in
detail in this section [3]. The relative blade speed
can be written as:

o=V, -R,

where V., is the speed of intact air; R, is the speed of
the blade at the radius of the equator; o is the speed
of rotation of the blades.

Significant speeds when using the DMS
calculation approach are:

1) V.. the flow rate of undisturbed free flow.

2) V: wind-induced velocity due to energy
extraction from the blades on the front half of the
rotor.

3) Ve: equilibrium velocity that appeared in the
plane between the upper and lower halves of the
rotor, indicating the speed of the front rotor disk
(keel wave) and the flow rate of the rotor disk
downstream.

4) V': wind-induced velocity due to the
extraction of blade energy in the lower half of the
rotor.

5) V": wake rate of the entire double disc.

The first step in the calculation process is to
determine these speeds, and then the parameters of
the traction energy in the upper and lower halves of
the rotor can be determined as follows:

Vv A
Uu=—o, u=—.
\ Y/

0 e
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AUTOMATED DESIGN SYSTEM

Analysis of the resulis of refined aerodynamic
calculations for the correction of external loads

Calculations of internal force factors corresponding
to the characteristic points of the diagram, air speed
- rotor speed

Determination of calculated eigemvalue dynamic
characteristics of VAWT at elastic oscillations

Analysis of probahle characteristics of wind speed
and cheice of wind regime for calculations

Perform calculations of internal force factors and
structural reliahility

Estimated sivengih estimates for the endurance of
the most leaded struciural elemenis

Fig. 8. Automated design system

Subsystem of Subsysiem for Subsystem for
aerodynamic Strength calculation subsystem calculating the simulation of the
calculation design of the hlades finished rotor
Choice uf_types of main and Determination of external forces affecting the Determination of
overclockine rotors installation the optimal design
| |
Determining the numbher Construction of 3D model for caleulation of
and relative position of sirength and oscillations The optimal choice
rolors | hlade materials
|
Determining the mumber of Calculation of reliability of siructural elements at
hlades of the main and maximum loads Deiermination of
acceleration rotors geometrical
| | parametiers of hlade
construction
D“Eh“'“mf“”'_‘ “:ﬂl’es of Calculation of dynamic characteristics of the glements
profuies obmain structure and amplitude frequency oscillations
Laccelexating yotors
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Fig. 9. Block diagram of the genetic algorithm

This circumstance is an obvious advantage of the
evolutionary approach to solving multicriteria
optimization problems over traditional methods of
solving them.

The total speed ratio is the relative speed of
rotation (VAWT):

TSRzﬁ.
\Y

0

In addition, the simulation of the turbine allows
you to determine the profile of the tidal wind. There
are three potential options:

1) Uniform speed profile (as rotor modeling).

2) Forces law:

Voo (Z) :Vref (Zi)a '

ref

where Vg is the simulated wind speed, Z. is the
equator of the turbine and a is the roughness index.

3) Logarithmic approach:

log(*)
VOO (Z) = Ve (—ZO)a ; (8)

|Og( ref )
ZO

where Z, depends on the environment of the wind
turbine (for example, Z, = 0.2 mm for flat landscape,
Z, =2 m for high-rise areas).

X. CALCULATIONS OF ELECTRICITY PRODUCTION

The power produced by the wind turbine at some
time depends mainly on the air mass rising from the
rotor blades. Increasing the speed coefficient of the
tip reduces the lifting mass and affects the output
power. The maximum power that a turbine can
receive depends on the design of the turbine,
including the aerodynamic profile of the blade, and
the angle of inclination. Figure 2 shows the details
of the developed approach used in this research to
analyze and optimize the vertical axial wind turbine.

The power generated by the wind turbine is
determined on the basis of the power factor (Cp)
including the tip speed factor (A) and the angle of
inclination (p) parameters. The tip speed coefficient
A is often adjusted over time as it is determined by
the angular velocity of the turbine rotor. Feedback
from the turbine rotor to the tip speed ratio can be
created in a closed loop.

The available kinetic wind energy, which can be
converted into mechanical energy, does not exceed
59% of the total value (theoretically), as stated in
Betz's law, where the extracted power is usually less
than 45% of the available energy. Taking into
account the field covered by VAWTS, area A = ry, air
velocity = v, blade length VAWT = 1, air density = p,
and Betz's theoretical limit Cp = 0.59 output power.
Then the maximum power (P) available can be
calculated as follows:

P

availeble.max

=1/2(pAv°Cp), 9)
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where A is the area of rotation of the blades, p is the from Wind Turbine Generator Systems (AWEA,
density of air, B is the speed of air and Cp is the 1989)
power factor. [2] R. B. Macpherson, Design, Development and testing

of Low Head High Power coefficient Kinetic Energy
Machine. M. Sc Thesis, University of Massachusetts,
Ambherst, M.A, 1972,

B. G. Newman, “Measurement on a Savonius rotor
with variable gap,” in: Sherbrook University
Symposium on wind energy. Canada: Sherbrook,
1974, p. 116.

Michael Z. Zgurovsky, Viktor M. Sineglazov, Olena
I. Chumachenko, Artificial Intelligence Systems
Based on Hybrid Neural Networks. Springer

XI. CONCLUSIONS

The paper substantiates the need to use an
automated design system to obtain the optimal
configuration of wind turbines with a vertical rotor (3]
of the hybrid type. It is shown that such a rotor
should consist of a combination of Darrieus and
Savonius rotors, the number of which, the mutual
displacement and the size of the blades are [4]
determined based on the use of genetic multicriteria

algorithms. R https://link.springer.com/book/10.1007/978-3-030-
EFERENCES 48453-8. Customer can order it via

[1] American Wind Energy Association Standart: https://www.springer.com/gp/book/9783030484521
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B. M. Cunernazos, O. B. CraniciaBuyk. ABTOMaTH3alliss NPOEeKTYBaHHSl TOPUIAHMX BePTUKAJBLHO-OCHOBHX
poropiB

B po6oTi moBemeHO HEOOXiTHICTH CTBOPEHHS B MICHKiH CMYy3i BEpTHKAIFHO-OCHOBHX DPOTOPIB BITPOCHEPTETHUHHX
CTaHIIH, SKi MOXYTh PO3MIIIYBATUCS HA JaxaX, IO A€ MOXKIIMBICTh MiABHUIUTH iX €HEPronpoAyKTUBHICTE Ha 60-70%.
Ioka3zaHo, 1110 PO3MIIICHHS TaKUX POTOPIB HA JaXxaxX MAa€ CBOi OCOOJIMBOCTI, IO MOJISITa€ B HEOOXITIHOCTI BpaXOBYBaTH
¢dbopmy penbedy aaxy OyAMHKY, HOro MOBEPXOBICTh, PO30I0 Ta MIBUAKICTIO BITPIB HajJ HUM Ta IHIIAM. PO3ristHYyTO
MpUKIaAMA peaisaiii BITPOCTAHIINA Ta MOBEICHO, HIO iX E€HEProe(eKTHBHICTh MOXKE OyTH MIABHINEHO 32 PaXyHOK
BUKOPHCTAHHS TIOPHIHUX BEPTUKAILHO-OCHOBHX POTOPIB, sIKi CKIIaAaloThes 3 KoMOiHaii poropis Jlap’e Ta CaBoniyca,
ne porop [lap’e € TOJIOBHHMM JDKEpeNIOM IEPEeTBOPEHHs eHeprii BiTpy B €JeKTpU4Hy, Toai sik potopu CaBoHiyca
3abe3neuyroTh po3riH poropiB Jap’e. 3 MeTOO MiJBHIIEHHS SKOCTI NMPOEKTYBaHHS B POOOTI PO3pPOOJIECHO CHUCTEMY
aBTOMATH30BAaHOTO TNPOCKTYBAaHHS, O CKJIQAy SKOI BXOJSATHh HACTYIHI OJOKHM: BH3HAUCHHS CHJ, SKI BIUIMBAIOTH Ha
poTop, BUOIp THUILy OCHOBHOTO Ta PO3TiHHOTO POTOPIB, BU3HAUEHHS ONTHMAJBHOI KiJIBKOCTI JIOIAaTeH, ONTHMAaIbHOTO
PO3MIIlIEHHS POTOPiB, PO3PaXyHOK IMHAMIYHHX XapakTepUCTUK pOTOpa, aHalli3 MHMOBIPHHX XapaKTEepHUCTHK
HIBUAKOCTEH BITPY Ta PO3pPaxyHOK MiI[HOCTI.

Kaiouosi cmoBa: aepopnmHamika; KepoBaHi KyTH BigxXxwieHHs; porop [lap’e; BiTpoBa TypOiHa; HECTHUCKYBaJIbHHH;
B’SI3KHH.
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B. M. Cuneraa3os, A. B. CranuciaBuyk. ABTOMaTH3anusi NPOeKTHPOBAHUS THOPUAHBIX BEPTHKAIbHO-0CEBBIX
POTOPOB.

B craree nokazaHa HEOOXOIMMOCTh CO3[AaHHS BEPTHKAJIbHO-OCEBHIX POTOPOB BETPOIHEPTETHYECKUX YCTAHOBOK B
T0JIOCE TOPOJIa, KOTOPBIE MOTYT OBITh Pa3MENIEHBI Ha KPBIIIAX, YTO MTO3BOJISET ITOBBICUTH UX YHEProd((EeKTUBHOCTH Ha
60-70%. Iloka3aHO, 9TO pa3MENICHHE TAKHX POTOPOB Ha KPBIMIAX HMMEET CBOM OCOOEHHOCTH 3aKIIOYAIONINECS B
HEoOXOIMMOCTH ydeTa peibeda KPOBIH AOMA, IUIOMIAAN €€ IIOBEPXHOCTH, BEICOTHI M CKOPOCTH BeTpa Hax Heil W zp.
PaccMoTpeHBl mpuMephl peai3alii BeTPOIHEPIeTHYECKHX YCTAHOBOK M JJOKa3aHO, YTO HX DHEProdd(eKTHBHOCTH
MOXKET OBITh IOBBIIICHA 32 CYET HCIOJIB30BaHMSA THOPUIHBIX BEPTHKAIEHO-OCEBBIX POTOPOB, COCTOSIIUX H3
koMOuHau potopoB Jlapre u CaBoHmyca, rae porop Jlapbe sBisieTcsl TNIABHBIM HCTOYHHKOM MpeoOpa3oBaHUs
9HEPTUH BETpa B JNIEKTPHYCCKYIO, TOrAa Kak poropbl CaBoHHMYyca oOecleYMBarOT pasroH poTopoB [lapee. B memsx
MOBBILICHUs] Ka4eCTBa MPOEKTUPOBaHHA B paboTe pazpaboTaHa cUCTEMa aBTOMATH3MPOBAHHOTO MPOEKTUPOBaHHS, B
COCTaB KOTOPOH BXOIAT ClEAyIOIIUe OJIOKH: OIpeNeNieHHe CHJ, BIMAIOIUX Ha POTOp, BBHIOOP THUIA OCHOBHOIO U
PasrOHHOTO POTOPOB, ONPEAENICHUE ONTHMAIbHOIO KOJIMYECTBA JIONACTEH, ONTHMAIbHOTO pPa3MELIEHHS POTOPOB,
pacyer AMHAMHUYECKHX XapaKTePUCTHK pOTOpA, aHAIN3 BEPOATHBIX XapaKTePHCTHUK CKOPOCTEH BeTpa M pacder
IIPOYHOCTH.

KuaroueBble c10Ba: adpoAMHAMUKA; YIIPABIsIeMbIe YIIIbI OTKIOHEHHMS; poTop Jlapbe; BeTpoBas TypOUHA; HECKHMAEMBbIH;
BSI3KUIA.
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