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Abstract. The effectiveness of converting industrial sites (IS) of coal industry enterprises (CIE) into wind power
plants is determined not only by the justification of the rotor diameter, the distribution of the blade angle of rotation and
the chord length, but also by choosing a certain blade cross-sectional profile, the aerodynamic properties of which are
preferable in these conditions. The results of the study of the dependencies of the aerodynamic characteristics of more
than 50 most well-known airfoils on the trigonometric functions of the angle of attack allowed us to propose new
approximation dependencies. These dependencies simplify the assessment of the prospects of using different types of
profiles for wind turbine rotors (WTR) with a horizontal axis of rotation in the conditions of the IS of CIE. This allowed us
to develop an analytical method for solving the coupling equation in the Sabinin-Yuriev mathematical model of the
process of interaction of air flow with the rotor of a wind turbine with a horizontal axis of rotation. This equation relates
the parameters of the wind flow, rotor rotation conditions, aerodynamic and geometric qualities of the rotor, and the
values of inductive velocities introduced into the air flow by the rotor of a wind turbine with a horizontal axis of rotation.
As a result of this improvement of the Sabinin-Yuriev model, an analytical solution to the coupling equation was obtained
for the first time, which allows avoiding iterative algorithms in calculating the inductive velocities introduced into the air
flow by the rotor of a wind turbine at given wind flow parameters, rotor rotation conditions, aerodynamic and geometric
parameters of the rotor. The proposed formulas, for the first time, allow us to create algorithms for calculating the
characteristics of WTR with a horizontal axis of rotation without the use of iterative procedures associated with the
numerical solution of the coupling equation and simplify the solution of problems of optimizing the parameters of the
WTR with a horizontal axis of rotation, thereby ensuring their maximum adaptation to the conditions of the IS CIE.

Keywords: wind turbine with a horizontal axis of rotation, wind energy utilization factor, Sabinin-Yuriev model, rotor
speed, angle of attack.

1. Introduction

The threat of turning the regions of Ukraine where CIE facilities are located into
depressed regions remains relevant and is of increasing interest to domestic and
foreign scholars [1-3]. Most often, experts suggest re-profiling CIE facilities into
enterprises that will produce electricity and heat. However, it is proposed to obtain
these energies from different sources: through the utilization of coal mine methane
gas, by processing coal preparation waste accumulated in storage facilities, by
burning local fuels and pellets of own production, or from renewable energy sources.
Recently, an integrated option has been increasingly proposed, when the CIE is
focused on the use of several of the above options. At the same time, the use of wind
energy is considered universal and can be used both during the operation of the CIE
for its intended purpose and during its modernization, simultaneously with the
processing of coal preparation waste and utilization of mine gas, as well as after the
exhaustion of coal-related sources. Thus, one of the promising areas of CIE
diversification is the creation of wind power plants on their ISs by locating wind
turbine parks [1-6]. For the conditions of the eastern regions of Ukraine, where most
of the CIE are located, low-speed wind turbines with a horizontal axis of rotation are
considered the most promising. Such WTRs are designed to operate at low wind
speeds, which allows them to operate for a significant part of the year and makes it
possible to use standard aerodynamic profiles for the blades [7 — 9]. Today, about
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fifty profiles are known and well studied, and information on their manufacture and
calculation of their aerodynamic qualities is publicly available [10-17]. That is, for
the conditions of a particular IS of CIE, the highest efficiency of a wind turbine can
be ensured not only by air speed, rotor diameter, distribution of the blade angle of
rotation, and chord length, but also by choosing a certain sectional profile whose
aerodynamic properties are preferable under these conditions [18-22]. The latter
factor in increasing efficiency is limited by the amount of calculations to be
performed and the wunsuitability of existing mathematical models for such
calculations. Today, the most common mathematical models of the process of
interaction of the air flow with the rotor of a wind turbine with a horizontal axis of
rotation are: a disk vortex model, a model of an ideal wind wheel, a model of
elementary jets, and the Sabinin-Yuriev model.

However, all of these models, except for the last one, take into account the
aerodynamic characteristics of the profiles to a very limited extent. The Sabinin-
Yuriev model was developed to calculate the parameters and operating modes of
helicopter rotorcraft and has been experimentally tested. Adaptation of this model to
wind turbine rotors with a horizontal axis of rotation does not require significant
effort. It is necessary to rebuild the velocity triangle in the diagram of interaction
between the profile and the air flow, taking into account that this is not a bearing
rotor, but a profile that is bumped by the air flow (Fig. 1) [7-9].

Cr

Figure 1 — Diagram of air velocity distribution and aerodynamic forces in the radial section of the
wind turbine rotor blade with a horizontal axis of rotation

The following notations were adopted in the figure:
W — vector of the total velocity of the undisturbed flow; V' — vector of the total
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velocity of the disturbed flow; w — vector of the total induction velocity due to the
presence of a rotor in the flow; f — angle formed between the direction of the vector

of the total velocity of the disturbed flow and the plane of rotation of the rotor;
a - angle of attack; ¢ — cross-sectional twist angle; (2. — rotor rotation frequency;

r — rotor radius; U — air velocity along the axis; ,Cp — coefficient of total
aerodynamic force; S, — flow angle, which is formed between the direction of the
full velocity vector of the undisturbed flow and the rotor rotation plane; y — bevel

angle, i.e., the angle formed between the directions of the full velocity vectors of the
undisturbed and disturbed flows; u — angle of deviation of the total aerodynamic

force from the normal to the profile chord.

In addition, when using the calculation formulas and solving the coupling
equation, it should be remembered that the rotor speed is not a known quantity and its
value cannot be changed arbitrarily. The results of the analysis of the calculated
dependencies and equations of the Sabinin-Yuriev model indicate the following
advantages: when determining the inductive velocities introduced into the air flow by
the wind turbine rotor, both the lift coefficient and the drag coefficient are taken into
account; it is possible to design rotors with blades whose chord length and angle of
rotation vary along the radius; when determining the forces and moments acting on
the WTR with a horizontal axis of rotation, the presence of terminal losses on the
WTR blades is taken into account; it is taken into account that the presence of a rotor
in the air flow leads not only to a decrease in the absolute value of the velocity
vector, but also changes its direction; when determining the angle of attack, the
influence of induced velocities is taken into account.

The disadvantages of the Sabinin-Yuriev model include the impossibility of
analytically solving the coupling equation that links the wind flow parameters, rotor
rotation conditions, aerodynamic and geometric qualities of the rotor, and inductive
velocities introduced into the air flow by the wind turbine rotor. This equation must
be solved for each blade section where the parameters are calculated, which greatly
complicates the calculations and does not allow for the selection of rational
parameters and the study of dependencies on extremes. Thus, the purpose of this
publication is to propose an analytical method for solving the coupling equation in
the Sabinin-Yuriev mathematical model of the process of interaction of air flow with
the rotor of a wind turbine with a horizontal axis of rotation for discussion by the
scientific community.

2. Methods

The final losses on the WTR blades in the Sabinin-Yuriev model are taken into
account by excluding from the calculation the cross-sections of the blades that are
below 0.1 and above 0.9 of the rotor radius. According to this theory, the power of
WTR with a horizontal axis of rotation depends on the air flow rate, rotor radius and
the efficiency of interaction between the air flow and the rotor [7 — 9]:
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where P — wind turbine power; Cp — wind energy utilization factor [7-9]; R — rotor
radius; p — air density; 4 — rotor speed; » — radius of the cross-section location; 7 —
relative radius of the current section; R; — rotor hub radius; i, — dimensionless rotor

hub radius; G — Yuriev's constant [7-9]; (2 — rotor rotation frequency; N — number
of blades in the rotor; o — rotor solidity factor; C — length of the blade chord in
cross-section; u — angle of deviation of the total aerodynamic force from the normal to the

profile chord.

The main relationship of the Sabinin-Yuriev model is the coupling equation that
links wind flow parameters, rotor rotation conditions, aerodynamic and geometric
qualities of the rotor, and inductive velocities introduced into the air flow by the wind
turbine rotor:

sin(B —y)siny =Geos(y + u(By -y —4)); G= %CR (Bo—7-9). 3)

where f, — the angle of flow incidence formed between the direction of the total

velocity vector of the undisturbed flow and the plane of rotation of the rotor.

The coupling equation for the Sabinin-Yuriev model is based on the simultaneous
consideration of the fundamental conservation laws and the velocity triangle in a
separate section of the rotor blade. This coupling equation is expressed by the
difference of two terms. The first of them is the product of two sines of the angle
characterizing the inductive velocities and the difference of the angle formed between
the direction of the total velocity vector of the undisturbed flow and the plane of
rotation of the rotor and the angle characterizing the inductive velocities. The second
term contains the product of the coefficient of the total aerodynamic force, the rotor
filling coefficient and the cosine of the sum of the angle characterizing the inductive
velocities and the angle by which the total aerodynamic force deviates from the
perpendicular emanating from the leading edge of the profile. Analytical solutions to
the equation are not known. Some researchers have tried to reduce this equation to a
quadratic equation of the fourth degree, but this was possible only if the dependence
of the coefficient of the total aerodynamic force on the angle characterizing the
inductive speeds was ignored. But this approach requires additional justification, at
least for those types of profiles that are used for wind turbine rotors with a horizontal
axis of rotation.
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The results of the study of the intervals of quantities included in the coupling
equation in the Sabinin-Yuriev model indicate that the right and left parts of the
equation are always greater than zero, but less than unity. The left part of the equation
can be equal to zero only in two cases that are not its solutions: when the angle
characterizing the inductive velocity is equal to zero, or it is equal to the angle
formed between the direction of the total velocity vector of the undisturbed flow and
the plane of rotation of the rotor. In the first case, the wind turbine rotor does not
exist in the flow, because there is no flow disturbance that it introduces. In the second
case, the rotor blades rotate with the maximum plane to the air flow and the moment
that turns the rotor is absent.

The initial data when solving the coupling equation in the Sabinin-Yuriev model
are: the angle formed between the direction of the total velocity vector of the
undisturbed flow and the rotor rotation plane; the coefficient of the total aerodynamic
force; the rotor filling factor. The angle characterizing the inductive velocity is the
independent variable. The peculiarity of solving the coupling equation in the Sabinin-
Yuriev model by numerous methods is that at the boundary of the interval of the
existence of the root, the left part of the equation turns into zero. This makes it
impossible to use the dichotomy method.

It is impossible to assess the stability of the ordinary iteration method by the
theorem on compressible images, since the requirement of not exceeding the absolute
value of the first derivative of unity, in the case of this equation, turns into an equally
complex and nonlinear equation.

In view of the above, and taking into account that the functions in the right and
left parts of equation (2) are represented by ordinary trigonometric functions, the
most likely, in terms of obtaining an analytical solution, is to simplify the calculations
by approximating the dependence of the aerodynamic characteristics of the profile
not on the angle of attack, but on its trigonometric functions.

3. Theoretical part

Information was searched and summarized regarding the aerodynamic properties
and types of blade profiles of wind turbine rotors with a horizontal axis of rotation.
As a result of a search of publicly available sources, information was found on body
profiles that are not S-shaped, such as NASA-00, NASA-45M, Su 26, P 52, Yak 55,
35 A and 35 B, NAVY N60, N-10 and N-18, GA(W)-1, V-16, MDC-27, MUNK,
MHTC, Clark-Y, Clark-Y 15 and Clark-YH, MVA-123 and MVA-301, FX60, RAF,
Getting, as well as TsAGI series A, B and BS, P-II and P-III, 6, 718 — 723, 730 — 734,
790, 796, 831, 846, 909, 911 and “ESPERO”, NACA series 44, 43 and 23, Go-535
and Go-549, DEF-P9-14, MS 16/209, Me-163, K-3 and S. Chaplygin Siberian
Research Institute of Aeronautics and Astronautics. The results of the analysis of the
aerodynamic characteristics of the existing profiles indicate a significant nonlinearity
of the dependences of the coefficient of total aerodynamic force and angle x on the
angle of attack (Table 1-2). The presence of an extremum of these values in the
middle of the interval poses significant difficulties in the calculation and complicates
the approximation of the aerodynamic characteristics of the profiles.
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Therefore, instead of using coefficient Cp and angle x it 1s recommended to use

the coefficients of lift and drag force, which are easily introduced into the right-hand
side of equation (3) if the formula for the cosine of the sum of the angles is applied:

isin(,b’0 —y)siny = Cycosy —C,siny; C,=Cpcosp, C, =Cpsinu. (4)
o

Table 1 — Parameters of aerodynamic characteristics of some profiles at the beginning
and at the end of the change interval

At the beginning of the interval At the end of the interval
Profile
a, o CP U, o a, o CP U, o
A-9% 0.0 0.080 5.86 16.0 1.090 7.70
A-12% 0.0 0.142 4.35 18.0 1.035 9.90
A-15% 0.0 0.184 3.80 18.0 0.998 10.87
A-18% 0.0 0.210 3.87 18.0 1.241 7.63
A-21% 0.0 0.249 4.15 20.0 1.353 8.04
B-8% 0.0 0.027 13.42 16.0 0.813 13.00
B-12% 0.0 0.063 6.79 16.0 0.957 6.09
B-16% 0.0 0.100 4.69 18.0 0.972 7.03
B-20% 0.0 0.134 4.06 16.0 0.965 6.01
P-11 10% 0.0 0.150 4.42 20.0 1.148 10.00
P-11 14% 0.0 0.219 4.10 18.0 1.445 6.36
P-11 16% 0.0 0.204 4.45 22.0 1.438 9.13
P-II1 15.5% 0.0 0.300 0.34 24.0 1.780 0.81
Mynk-1 1.5 0.120 3.67 18.0 0.829 18.10
Mynk-2 1.5 0.097 5.13 15.0 0.911 7.45
Mynk-3 0.0 0.017 35.28 18.0 1.071 8.74
Mynk-6 0.0 0.016 2.86 21.0 1.184 9.05
Mynk-12 0.0 0.096 542 21.0 1.186 10.71
Mynk-15 0.0 0.227 3.25 21.0 1.196 11.91
Clark-YH-8% 0.0 0.082 5.02 14.0 0.985 5.08
USA-27 0.0 0.332 2.76 18.0 1.336 7.81
35A 0.0 0.421 4.09 24.0 1.508 11.90
35B 0.0 0.378 2.64 18.0 1.321 9.32
NAVY N60 0.8 0.425 1.34 14.6 1.617 1.75

Unlike the dependences of the coefficient of total aerodynamic force and angle on
the angle of attack, the dependences of coefficients C, and C, on the angle of attack

are not extreme and allow, after minor processing, approximation by linear functions
of the sine or cosine of the angle of attack.

The results of the numerical studies that have been performed indicate that the
dependence of the lift coefficient on the angle of attack with engineering accuracy
can be approximated by the following function:

. ] __ ,~min ] _
Cy:Ay+Bys1na, Ay—Cy +AACy, By—BACy, (%)

where C;nin minimum value of the lift coefficient on the interval, 4, B —
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approximation parameters; AC), — the maximum difference between the value of the

lift coefficient on the interval and its minimum value.
Table 2 — Parameters of aerodynamic characteristics of profiles of TsAGI and NASA
at the beginning and at the end of the change interval

At the beginning of the interval At the end of the interval
Profile

a,® CP M, ° a,® CP M, ©
TsAGI -6-8,2% 0.0 0.168 4.16 12.0 0.926 5.37
TsAGI -6-12% 0.0 0.171 4.58 20.0 1.186 9.86
TsAGI -6-13% 0.0 0.185 4.02 14.0 1.055 5.44
TsAGI -6-16% 0.0 0.215 4.06 20.0 1.262 9.20
TsAGI -6-19% 0.0 0.213 4.26 24.0 1.301 11.35
TsAGI -6-20% 0.0 0.177 5.52 20.0 1.266 8.45
TsAGI-719 0.0 0.317 4.24 22.0 1.231 14.79
TsAGI -731 0.0 0.138 3.15 16.0 1.109 7.39
TsAGI -732 2.0 0.298 2.27 16.0 1.016 12.60
TsAGI -734 0.0 0.078 6.15 16.0 0.994 9.51
TsAGI -831 0.0 0.309 3.42 20.0 1.057 17.66
NASA-0006 2.0 0.150 2.67 24.0 0.920 25.52
NASA-0009 4.0 0.300 2.67 26.0 0.991 23.32
NASA-0012 2.0 0.150 3.44 22.0 1.560 6.37
NASA-0015 2.0 0.150 3.44 20.0 1.427 5.63
NASA-0018 2.0 0.141 4.90 20.0 1.397 5.75
NASA-0021 2.0 0.150 4.58 20.0 1.387 5.80
NASA-2210 0.0 0.120 5.05 22.0 1.164 13.83
NASA-2212 0.0 0.122 5.15 18.0 1.179 7.21
NASA-2217 0.0 0.131 5.71 22.0 1.120 11.39

The results of the performed numerical studies indicate that the dependence of the
drag coefficient on the angle of attack with engineering accuracy can be
approximated by the following function:

C.=A,—-B.cosa, A =C™ +B., B, =EAC,, (6)

X2

where C™" — minimum value of the drag coefficient on the interval; E —
approximation parameter (Table. 3); AC, — maximum difference between the value

of the drag coefficient on the interval and its minimum value.

Dependencies (5) and (6), unlike the known ones, establish the dependence of the
coefficients of aerodynamic forces not on the angle of attack, but on the
trigonometric functions of this angle, which allows us to take into account in the
coupling equation the dependence of these parameters on the flow angle, which is
determined by inductive velocities.

The restrictions associated with the dependence of the angle u on the angle y are
removed by using formulas (5) and (6), which allows us to rewrite the coupling
equation (4) in the following form:
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Acosy — A siny + W =0; (7)

W=8, sin(ﬂo —-¢— 7)0037 + B, cos(,b’o —¢— ;/)sin;/ — gsin(ﬂo — 7)sin7 . (8)

Table 3 — Parameters of approximation of aerodynamic characteristics of profiles

Profile A B E Profile A B E
A-9% 0.0438 3.6307 | 23.77 TsAGI-734 0.0218 | 4.2216 22.33
A-12% 0.0165 43171 19.26 TsAGI-831 0.0498 | 3.2286 14.14
A-15% 0.0235 44318 | 19.26 Mynk-1 0.0401 | 3.6860 21.62
A-18% 0.0300 3.5135 19.51 Mynk-2 -0.0843 | 4.5720 28.33
A-21% 0.0336 3.1748 | 16.11 Mynk-3 0.0091 3.8914 18.66
B-8% 0.0752 3.8882 | 24.81 Mynk-6 0.0121| 3.4464 13.75
B-12% 0.0252 3.7738 | 25.80 Mynk-12 0.0137 | 3.3190 13.60
B-16% 0.0480 34368 | 2041 Mynk-15 0.0489 | 3.4824 14.20
B-20% 0.0233 3.7700 | 25.85 NASA-0006 0.0235| 3.927 12.79
P-II 10% 0.0209 34206 | 16.05 NASA-0009 -0.2922 | 4.2528 10.17
P-II 14% 0.0028 32972 | 20.29 NASA-0012 -0.0999 | 3.0287 13.66
P-II 16% 0.0191 3.1022 | 13.38 NASA-0015 -0.1067 | 3.2763 16.93
P-III 15.5% 0.0094 24684 | 11.42 NASA-0018 -0.1025 | 3.2806 16.94

TsAGI -6-8.2% 0.0044 4.8479 | 44.27 NASA-0021 -0.1098 |  3.2395 16.20
TsAGI -6-12% 0.0309 3.3882 | 15.60 NASA-2210 0.0091| 3.7827 12.67
TsAGI -6-13% 0.0475 42446 | 33.80 NASA-2212 0.0034 | 3.6866 19.34
TsAGI -6-16% 0.0533 3.1040 | 16.06 NASA-2217 0.0252| 3.4389 13.48
TsAGI -6-19% 0.0787 25642 | 1121 | Clark-YH-8% 0.0071 | 4.1441 33.61

TsAGI -6-20% 0.0408 3.0137 | 16.06 USA-27 0.0173 | 3.6345 18.59
TsAGI-719 0.0455 3.4361 | 12.88 35A 0.03 3.0322 11.36
TsAGI-731 0.0528 3.7690 | 23.79 35B 0.0176 | 3.9585 19.02
TsAGI -732 -0.0712 | 4.3859 | 24.67 NAVY N6O | -0.0358 | 4.1544 26.03

As can be seen from formulas (7) and (8), this form of the coupling equation in its
present form expresses the dependence of the flow bevel angle on the characteristics
of the blades and the conditions of air flow onto the rotor area. Using the formulas for
the product of trigonometric functions, formula (8) can be rewritten as follows

B, + B,

W= chosgbsin(,Bo — 27/) — {%sin¢ + 2} cos(,B0 — 27/) +4y; (9
o

B,+B, . 2
A, :yTsm(,Bo —¢)+;cosﬁ0.

Applying the known formulas for transforming the sums of trigonometric
functions in equations (7) and (9) to sines and cosines, we obtain the relationship
equation in one of the following forms:
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4, cos(0'+y)— 4,, cos(B, + ©'-2y)+ 4, =0; (10)

A, sin(0 - )+ 4,, sin(© - By +2y)+ 4, =0; (11)

1 g 16 4,)
Ay =4+ A7y = (By+Bx)2+;(By+Bx)sm¢+o_—, 0'=arcig) 2 |: (12)

X

4
(B +B )sin¢+—
9=arctg i ; @zarctg ' * o : @'zarctg (By +Bx)cos¢
A, (By + B, )c0s¢

(By +Bx)sin¢+i |

Given the intervals of angle change y, the trigonometric functions in equations
(10) and (11) can be expanded into power series and the first two terms can be
preserved:

x° x?
sin~x ——; cos~l——. (13)
6 2

Applying (13) to the terms of equation (11), after appropriate transformations, we
obtain the following equation for determining the angle ¥:

¥ = Doy’ + iy + po=0;

4,0-40- )4y, :3A2y(4—(®—,80)2)—(2—492)A7 |

Py =3 1
A7 - 8A27 A7 - 8A2y

_ 64 +A7(6_82)9+Azy(®_ﬂo)(6_(®—ﬂo)2)
- A, ~84,,

Po

b

which can be solved using Cardano's formulas.
Applying (13) to the terms of equation (10), after appropriate transformations, we
obtain the following formula for determining the angle y:

y:{/{m /1—%}- 44y, >Ay{§, 44y, =4, (14)

A0, (5 +0)  4,2-0)- 4 I-(8 + O |+ 24, |

>

44y, - 4, 4,024, (8, +©')
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By calculating the angle y, one can determine the energy utilization coefficient
using formulas (2).
4. Results and discussion

From formulas (14), it is evident that the dependence of the angle ¥ on the
aerodynamic characteristics of the blade profile depends on the fulfillment of the
following inequality:

4(By+Bx)2+£( +B )s1n¢+ﬁ>Az+A2 (15)
(o2

which, taking into account (12), can be rewritten in the form of restrictions on the
rotor integrity factor (Table 4) or on the twist angle of its blade cross-section

|42 + 42 —4(B, + B, P | ~64

sing > 320( +B,)

the fulfillment of which ensures or does not ensure inequality (15) and determines the
type of dependence in (14).

Such a complex relationship between the parameters of flow interaction with the
blade and the aerodynamic characteristics of the profile, the rotor integrity coeficient,
and the twist angle of its blade cross-section was established analytically for the first
time. It should be understood that the rotor solidity coefficient and the twist angle of
its blade cross-section can be variable along the blade length, while the aerodynamic
characteristics of the profile remain unchanged. That is, condition (15) may not be
fulfilled for all blade sections, i.e., when using (14), different variants of the
dependence will be applied for different sections.

Table 4 — Parameters for approximating the aerodynamic characteristics of profiles
Ratio of aerodynamic Condition Notes
characteristics of the profile of execution (15)
4
4, +A2>4( +B)2 c<o L
B, +B,
o= 2
A + A
45 +A2<4( +B)2 o220 —cos® ¢ —sing
4B, +8.f

5. Conclusions

Thus, as a result of the improvement of the Sabinin-Yuriev model, an analytical
solution to the coupling equation was proposed for the first time, which allows
avoiding iterative algorithms when calculating the inductive velocities introduced
into the air flow by the wind turbine rotor under given wind flow parameters, rotor
rotation conditions, aerodynamic and geometric parameters of the rotor.
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So far, the limits of possible use of the proposed solution are conditioned by the
conditions of admissibility of the decomposition of the trigonometric functions sine
and cosine into a power series while preserving the first two terms, and these limits
obviously still need to be further clarified and substantiated. Also, the issue of
identifying one real root out of three possible in formula (14) needs to be further
resolved, but, in this form, formulas (7)—(14) for the first time allow us to calculate
the characteristics of WTR with a horizontal axis of rotation without the use of
iterative procedures associated with the numerical solution of the coupling equation,
and simplifies the solution of problems of optimizing the parameters of WTR with a
horizontal axis of rotation and their maximum adaptation to the conditions of the
CIE.

By determining the dependences of the aerodynamic characteristics of more than
50 of the most well-known body profiles on the trigonometric functions of the angle
of attack, it is possible to assess the prospects of their use for wind turbine rotors with
a horizontal axis of rotation in the conditions of IS of CIE.
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OOCNIMKEHHA MOXNUBOCTI PO3B’A3AHHA PIBHAHHA 3B’A3KY ANA MOAENI CABIHIHA-IOP’EBA
B AHANITUYHOMY BUNAAI
CemeHeHko €., MedsiHuk B., Bypsik C., Xaminiy O., ["anbyeHko 3.

AHotauif. EdexTuBHICTb NepeTBOpeHHs npommucrnoBux Marganumkis (MM) nignpuemcts ByrinbHoi ranysi (MBI B
BITPOEHEPreTUYHI CTaHLii BU3HAYAETLCA HE Tinbku OOrpYHTYBAHHAM AiaMeTpy poTopy, PO3NOAINOM KyTy NOBOPOTY nonari
Ta JOBXKWMHOK XOpau, a W obuparoum neBHWM npodinb nepeTuHy rnonati, aepognHamivHi BNAacTMBOCTI SIKOMO HadatoTb
nepesary B Lux yMOBax. Pe3ynbTati JOCTimKEHHS 3aneXHOCTEN aepoanHaMiYHNX XapakTepucTuk Binbl sk 50 HanbinbL
BiQOMMX TiNEcHUX npodini Bif TPUrOHOMETPUYHMX (DYHKLIN KyTa aTaku JO3BOMWMM 3anpOonOHYBaTK HOBI anpOKCUMALLifHi
3anexHocTi. Lli 3anexHocTi CrpoLUytoTb OLHKY NepCneKTUBHOCTI BUKOPWUCTaHHS NpodiniB pisHOro Twny Ans poTopis
BITPOEHEPreTMYHMX ycTaHoBOK (BEY) 3 ropuaoHTanbHo Bicco obepTaHHs B ymosax MM MBI, Lie go3sonnno pospobutu
aHaniTMYHMA MeTOL PO3B’A3aHHS PIBHSHHS 3B'A3Ky B MatemaTtudHin mogeni CabiHiHa-HOp'ea mpouecy B3aemogii
MOBITPSHOrO NOTOKY 3 poTopoM BEY 3 ropu3oHTankHoM0 Biccto 0bepTaHHs. Lie piBHSHHS NOB'a3ye Mix co60to napameTpu
BITPOBOrO MOTOKY, YMOB 0OEpTaHHA poTOpa, aepoaMHaMiYHUX Ta FeOMETPUYHMX SKOCTEA poTOpa, Ta BENYMHM
iHOYKTVBHUX LUBMAKOCTEN, SKi BHOCUTbL B MOTIK NoBiTps potop BEY 3 ropusoHTanbHow Biccto obepTaHHs. B pesynbrari
TaKoro BOOCKoHaneHHs mopeni CabiHiHa-tOp'ea Bneplle OTPUMAHO aHarniTUYHE PO3B'S3aHHSI PIBHAHHA 3B'A3KY, L0
[03BONSAE YHUKHYTU iTepaLuiiHuX anropuTMiB Npu po3paxyHkax iHOYKTUBHWX LUBUOKOCTEW, SKi BHOCUTb B MOTIK MOBITPS
POTOP BITPOEHEPreTUYHOI YCTAHOBKM MpW 3afaHWX napameTpax BITPOBOTO MOTOKY, yMoBax OBepTaHHs poTopy,
aepoaMHaMIYHMX Ta FeOMETPUYHUX MOKasHMKax poTopy. dopmynu, WO 3anponoHOBaHi, BrepLle 4O3BONSATb CTBOPUTH
anropuTMK Po3paxyHKY XapakTepucTuk potopie BEY 3 ropusoHTanbHoi Biccto 06epTaHHsl 663 3aCTOCyBaHHS iTepaLifiHnX
npoueayp, Lo MOB'si3aHi 3 YMCNEHHUM PO3B'A3aHHAM PIBHAHHA 3B'A3KY, Ta CMPOLLYIOTb BMPILUEHHS 3aday onTuUMisaLii
napameTpie potopis BEY 3 ropusoHTanbHOK BicClo 00EpTaHHs, 3abesneuvyious TUM CaMWM iX  MakCUMarnbHe
npucTocyBaHHs o ymos M I1Br".

Knto4oBi cnoBa: BiTpOEHepreTMYHa YCTaHOBKA 3 FOPWU3OHTANbBHOK BiCCl0 0B6epTaHHs!, KoemiLieHT BUKOPUCTaHHS
eHeprii BiTpy, mogens CabiHiHa-HOp'eBa, LUBUOKOXIQHICTb POTOPY, KyT aTakMu.
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