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Abstract

The paper proposes an algorithm for calculating the design of a hybrid wind-solar instal-
lation. By attaching a magnet to the blades of a wind turbine, a magnetic flux is created that
depends on the energy of the wind flow. If you attach a solenoid to the mast of a wind turbine,
it will be possible to generate additional electrical energy. The paper proposes an algorithm for
calculating wind wheels for a hybrid wind turbine.
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Introduction

Distributed energy generation systems
are hybrid energy supply systems combined
from various energy sources that are built in
close proximity to consumers and take into
account their individual characteristics in
terms of power and profile to the maximum
extent possible.

One of the main generating devices of dis-
tributed generation is a wind power device.
Therefore, currently, with the help of a wind
energy device, it is possible to solve energy
solutions for remote areas, far from the main
distribution lines and places where it is im-
possible to install large power plants due to
environmental problems. This state of affairs
requires an increase in the efficiency of the
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wind energy device. One of the methods to
increase the efficiency of a wind energy de-
vice is its hybridization.

The purpose of this work is to devel-
op a method of hybridization of a wind ener-
gy device and an algorithm for calculating the
wind wheels of this installation.

The solution method. To achieve this
goal, first you need to design a hybrid wind
energy device that works much more effec-
tively than a conventional wind energy de-
vice. In (Rustamov N.T., Babakhan Sh.A.,
Orysbaev S.A., 2020; Rustamov N.T., Meir-
bekov A.T., Avezova N.R., Meirbekova O.D.,
Babakhan Sh.A., 2023), such a wind energy
device was proposed, in which, in addition to
magnetic blades on masts, Solar photopanels
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were constructed. Such a hybrid wind pow-
er device generates three types of current:
alternating current i, from the generator, al-
ternating induction current i, from coils at-
tached to the masts and above the generator.

Section 3. Electrical engineering

Interestingly, such an installation will also
generate direct current I from a Solar photo-
panel (Fig.1). The advantage of such a hybrid
wind energy device is the efficient use of wind
and solar energy.

Figure 1. Hybrid wind power device

Karvmka N21

Karvmra N22

ABP

. B8
= II0R

The algorithm for calculating the power

of a hybrid wind-solar installation

Step 1. Determination of the diameter of

the wind wheel

The initial data for determining the diam-
eter of the wind wheel are:

— rated power of the wind turbine — N,

— estimated wind flow velocity — V.

16 AN ALGORITHM FOR DESIGNING A HYBRID WIND TURBINE WIND WHEEL


https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie

When determining the required air flow
power (IV,) for a wind generator of a certain
power (IV,), it is necessary to take into ac-
count the efficiency coefficients of the wind
wheel (77,,), wind generator (77, ) and trans-
mission (gearbox) (m);

N
N =——"

Mo Moo M,

On the other hand, at a known speed, the
power of the airflow is determined by the de-
pendence:

(1)

N, = M[kw]
102

2

p*V,

()

where: g =
locity head)

p = 0.125 kg *s*/m* — air density;

W =V *S — second flow rate (m?/s)

n*d

S, = *~— the area of the airflow
bounded b§7l a circle with a diameter of — d :

Then, the power of the air flow, limited by
a circle with a diameter of — d , is determined
by the dependence:

PHVy T d,
No- 2 " 4
' 102

— is the flow pressure (ve-

=0.000481* V> *d?;

N, =0481*10"*V,*d [kW] 3)

By equating the right sides of equations

(1) and (3), the required diameter of the air
flow can be determined:

from: ~ =0.481*107 %V, *d;
.
d = N,
"N 0.481%107° *n_*n *n *V> “)
If, as a first approximation, we take:
n,, =0.85; n, =0.94;
N
that d, =51% e (5)

Mo Vs

Note that the power developed by the wind
wheel is higher, the higher its efficiency —

Based on static data, in the first approxi-
mation, it can be assumed: 7 = 0.45; Then,
the required diameter of the wind wheel
equal to the diameter of the airflow can be
determined by the dependence'

> =76.026" f

3
8

d,=d, =51*%

d, =76.026*

For the assumed value of the efficiency
coefficient, the required power of the air flow
can be determined by the dependence:

NH=L~278*N

T’BK T’BZ T’m
Examples of calculations of the diameter
of a wind wheel at different capacities of wind
turbines and air flow velocities.

Table 1. Calculation of the diameter of the wind wheel

NO. VB NBI‘ dBK NBI‘ dB]C NBI‘ dB]( NBI‘ dBl(
m/s kw m kw m kw m kw m
1 6 2 7.34 5 11.6 10 16.4 20 23.22
2 7 2 5.8 5 9.2 10 13 20 18.42
3 8 2 4.7 5 7.5 10 10.6 20 15
4 9 2 4 5 6.3 10 8.9 20 12.6
5 10 2 3.4 5 5.4 10 7.6 20 10.8

Step 2. Estimates of the speed of rotation
of the wind wheel
One of the main tasks in the design of a
wind wheel is the choice of speed, which has
the following dependence on speed, diameter
and flow velocity:
o*r, 2*n*n *r n_*d

Z="—t= o2 = 0.05236—
V. 60* V.,

8 8 8
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where: n__— the speed of rotation of the wind
wheel (rpm)

r — radius of the wind wheel blade

The speed of the wind wheel is the ratio
of the circumferential speed of the end of the
blade to the wind speed.

Based on experimental data, wind wheels
with various n_, d , V it was found that
the maximum value of the efficiency of the
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wind wheel (pvk.max) is achieved at values
Z = (4...6) with the number of blades n, =
= 3 pcs.

For a wind wheel with a speed of Z = 5,
the rotation frequency of the wind wheel can
be determined by the dependence:

z*V *
n, = 2 z19.1Z Ve z95.5v“
0.05236*d d

8K 8K 8K

Examples of the calculation of n__for var-
ious values of N and V_ are presented in (Ta-
ble No. 2).

[rpm]

Table 2.

N Vv d n N \Y

H B BK BK H B

d n N VvV d n

BK BK H B BK BK

kW m/s m rpm kW m/s m rpm kKW m/s m rpm
2 6 7.3 78 5 6 116 494 10 6 164 35
2 7 58 1153 5 7 9.2 727 10 7 13 514
2 8 4.7 160 5 8 7.54 101 10 8 10.66 71.7

Thus, in the speed range V, = (6...8) m/s,
the highest rotational speed

n, =160 rpm correspond to N, = 2 kW,
V_ = 8 m/s, the lowest rotation speed n_ =
= 35 rpm correspond to N, = 10 kW, V_ =
= 6 m/s. For the air flow velocity V. = 7 m/s
for a wind generator with a power of N =
= 5 kW, the rotation frequency of the wind
wheelisn,_=72.7 rpm.

If we take into account that the rotation
frequency of the rotor of the wind genera-
tor corresponding to the rated powerisn_ =
= (400... 600) rpm, then, for the wind wheels
in question, it is necessary to use a step-up

gearbox (multiplier) with a gear ratio from 5
to 10 times.

3. Step Calculation of the available pow-
er of wind power devices at a wind speed
less than the calculated one.

Depending on the diameter of the wind
wheel on the rated power of the wind gener-
ator;

N
so: d, =76.026* /V;‘ ;

N,=N,=0.000173*d; *V.; 9)
The rotation frequency of the wind wheel
can be estimated using the formula (8).

Table 3. Examples of calculating the available power N, for a wind
power device, with an estimated wind speed V, = 7 m/s

VB N; dBl( nBK N; dBK nBK N; dBK nBK
m/s kW m rpm kw m rpm kw m rpm
7 2 5.8 115 5 9.2 72.7 10 13 51.4
6 1.25 5.8 98.8 3.16 9.2 62.3 6.3 13 44
5 0.73 5.8 82.3 1.83 9.2 52 3.65 13 36.7
4 0.37 5.8 66 0.94 9.2 41.5 1.87 13 29.4
3 0.16 5.8 49.34 0.4 9.2 31 0.79 13 22
4. Step. The algorithm for calculating the ~ 1_,,.,=7*D_, =3.14*5%10" =15.7*10"m(10)

induction current.
Given the characteristics, we find the coils

of the coil:
o, _10%107

— Kam

D 9*10™

npos

=1.11*10* =111round (10)

1. We find the resistance of the wire
wound on the coil:

17.4

63.5%107°

R:pl’g’ezl.68*10'8* =0.46[Om|(11)
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l,.,=0*L_  =111*157*10" =174m (11)

where p — is the resistivity of honey:
p=1.68%10",1 . — wire length, S — the area
of the wire section

2. We find the electromagnetic flux @
that occurs when the blade rotates with a
magnet:

®=p,*P (12)

en

[wt]

2. .
here: p,, =0.125kr* C—3 —air density;
M
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Figure 2. Dependence of N, on wind speed V_ for wind
power devices of different rated power
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5.P,, it is determined from the formula (5): &= Nd—q) =111* 0.0019 _ 0.21[B] (16)
P, =0481%107* 8’ * D2, =0.015[kw] (13) dt 1
wind speed 3, =5m/c 8. With the electromotive force of induc-
Diameter of the wind wheel D =16*10"m tion, we find the current in the wire of the
6. Putting everyone in their place, we will  coils:
get: e 021
®=p,*P,=0125%0.015=0.0019 [B6] (12) I="=—""=045 [A]
7. We find the electromotive force of the R 046
induction coil:
Ik, A
0,8
0,675
0,6 e
0,51
0.4 _~ 0,45
’ S U534 Coils N1 Ik(A)
0,2 225 ng 26 —— Coils Ne2 Ik(A)
11 15 '
0 JlI T T T T T 1
5 6 7 8 9 10 11
Table 4. Comparative results of two coils
Wind speed m/s Coils N2 1 Ik (A) Coils N2 2 Ik (A)
5 0.07 0.105
6 0.11 0.165
7 0.15 0.225
8 0.2 0.3
9 0.26 0.39
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Wind speed m/s

Coils N2 1 Ik (A)

Coils N2 2 Ik (A)

10 0.34 0.51
11 0.45 0.675
Conclusions farms). Which has good coverage of the en-

The use of hybrid systems based on re-
newable energy sources is a promising solu-
tion for decentralized power supply in rural
areas and remote facilities, as well as to en-
sure the accumulation of excess electric ener-
gy, removing peak loads during the operation
of seasonally and weather-dependent renew-
able energy sources of high capacity (wind

tire territory with energy networks, hybrid
solutions will not be so effective. However,
in connection with the long-term program of
agricultural development, the construction of
agro-towns, new farms, livestock complexes,
hybrid technologies should be considered as
an alternative to centralized energy supply.
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