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Abstract. The article reviews one of the development stages of the hybrid wind-solar power plant for power supply of
the autonomous rural consumers with a capacity up to 1 kW. The results of the photovoltaic modules efficiency during
their heating and contamination analysis are presented. A model of a hybrid wind-solar power plant is proposed for
consideration, where the wind wheel is combined with a frame for fixing the PVM. The blades are foldable and made
of transparent plastic for reducing the resistance for the oncoming flow, which increases the speed of rotation of the
wind wheel. An increase in the efficiency of photovoltaic modules and a reduction in their degradation is achieved due
to their rotation around the axis of a truncated pyramid with an octagonal base. A laboratory model was constructed
for conducting field experiments and testing the design of the security system. The obtained research results allow to
further create an operating hybrid renewable energy source and search for the most rational design.

Keywords: photovoltaic module, wind-solar installation, wind wheel, orientation by the sun, wind generator, wind
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Introduction highest technical and economic characteristics of so-
The issues of improving the photovoltaic mod- | lar power plants (SPP). One way to increase the effi-
ules (PVM) efficiency is important for achieving the | ciency of PVM is their spatial orientation control by
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a tracking system for the movement of the sun across
the sky during the day. Orientation systems can be of
several types, mainly they are one or two-axis solar
trackers, which, according to various literatures, can
increase in the volume of electrical energy products
per day up to 70% [1, 2]. Another option for improv-
ing the efficiency of the tracking system work is the
use of a two-way sensitive PVM, when the tracking
system is not needed, which, according to various
evaluations, will increase the cost of SPP up to 2.5
times [1]. There are also a number of unresolved prob-
lems related to the contamination of the surface of the
PVM and the need for cleaning them, which increas-
es the cost of operating the SPP [1, 2]. It should also
be noted that the heating of PVM by the rays of the
sun during the day above 25°C leads to a decrease in
their efficiency and the development of degradation.
Anincrease in temperature by 1°C from 25°C reduces
the power of the solar panel to about 0.2% [1]. When
the panels are blown by the wind, their temperature
may decrease, which has a positive effect on their effi-
ciency. In the conditions of Karaganda, there is a high
dustiness and the frequency of cleaning should be at
least once a week, otherwise the performance of the
SPP will decrease from 10 to 90% depending from the
surface contamination, with a vertical arrangement
the panels get less contaminated [1, 2]. Considering
the above, a hypothesis arose that the PVM can be in-
stalled on the side faces of a rotating pyramid with a
hexagonal base. At the same time, the PVM are locat-
ed under the transparent blades of the wind wheel.
The idea of creating a combined renewable source is
justified by the fact that the PVM is more productive
in the summer, and the wind generator in the win-
ter [1]. When the wind wheel rotates, the PVM ro-
tates simultaneously, which are exposed to the direct
rays of the sun for a certain period of time. The aim
of the work is to create a working model of a hybrid
renewable energy source for conducting research and
searching for the most rational design.

Research methods and materials

A working model of a renewable source was spe-
cially developed for empirical research. The model
is a hybrid wind-solar power plant (HWSPP), which
has a number of significant differences from the an-
alogues already known and used in practice. The
wind wheel is combined with a frame in the form of
a truncated pyramid with an octagonal base on the
side faces of which are fixed PVM. The blades of the
wind wheel are made of transparent plastic folding
to reduce the resistance to the oncoming flow, which
increases the speed of rotation of the wind wheel, and
also allows solar radiation to penetrate the working
surface of the PVM. During the rotation of the wind
wheel, its blades rise, completely opening the PVM,
and then fold under the influence of gravity, which
reduces their drag and solves the important prob-
lem of increasing the rotation frequency of the wind
wheel with a vertical axis [3, 4]. When the wind wheel

rotates, only 1 or 2 blades are active, and the rest are

in the folded position, which allows to increase the
rotation speed of the virial wind generator to 1000
rpm. Figure 1.a shows the design of a folding blade
that rises from the wind flow and returns to the trans-
port position under gravity. Figure 1.b shows the
state of the HWSPP model when all the blades are
folded, as well as some measuring devices involved
in the research.

Information about the design of the HWSPP and
the principle of operation and the main differences
from analogues can be found in the source [5]. The
base of the model is made of plywood with a thick-
ness of 9 mm, on which the coils of a synchronous
electric generator on permanent magnets and the axis
of rotation of the wind wheel are installed.

During the experiment, the synchronous gener-
ator was disconnected from the load and rotated in
idle mode.

Eight PVM rotates around the axis with a power
of 0.5 W (Uh.i. = 5V) each as the energy is transferred
to the load using two brass rings with brushes. The
load was LED lamps with a total power of 2 watts.
PVM installed on the side faces of the octagonal pyr-
amid. The blades and other parts of the wind wheel
are made of ABS plastic with 3D printing. The fol-
lowing measuring instruments were used in the
research process: UT50C and UT 202 multimeters,
Victor 6234P rotation frequency sensor, FNB48S PD
DC power measurement microcontroller, RZ-816 an-
emometer, pyrometer With 20.3, light meter AR823.
A Makita UB1103 vacuum cleaner blower (650 W, 4.1
m?’/h) was used to create the wind flow. PVM inclined
at an angle of 50°, which corresponds to the latitude
of the city of Karaganda, where the tests were con-
ducted. The weather is clear without clouds, the am-
bient temperature was 22°C. The illumination of the
PVM surface was 10100 Lux. Figure 2 shows the elec-
trical diagram of the PVM and the load connections.

Research results

The results of the study are a graph of the PVM
current growth dependence from the wind wheel
speed (Figure 3). When processing experimental data
and plotting, the capabilities of the Microsoft Excel
program were used.

During the rotation of the wind wheel around
its axis with the PEM fixed on it, it was found that
the highest power achieved at 600 rpm, which was
achieved at an air flow speed created by the Makita
UB1103 blower within 18 m/s. The maximum speed
can reach 1000 rpm, with an air flow speed of about
28 m/s. There was an increase in voltage from 3.82
V and a current of 0.13 A at a stationary position (0
rpm), to 4.3 V and a current of 0.21 A at 600 rpm. With
a further increase in the rotation speed, a decrease in
power was observed. During rotation, the tempera-
ture of the PVM decreases in the range of 11-12°C.
HWSPP can be used to supply electricity to autono-
mous consumers of rural areas with a capacity of up
to 1 kW, which can be farms and parking lots of ani-
mal husbandry. If necessary, the amount of HWSPP
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1 - PVM; 2 - controller; 3 — multimeter for voltage measurement; 4 — multimeter for current measurement; 5 — electrical load

Figure 2 — Electrical diagram of the PVM connection and load connection

can be increased to the desired level of electric energy
production. The wind generator and the PVM work
on the same drive, which is a battery with a voltage of
12 V, but if necessary, you can switch to another DC
voltage. The electrical circuit of the HWSPP basically
has an already known layout using a charge control-
ler, a storage device and an inverter [1, 3], but differs
in the presence of a dedicated DC line with a voltage
of 12 V. This allows you to directly power various
electronic devices running on direct current, without
using network adapters and connecting them to a
network inverter. One of the variants of the HWSPP
circuit is shown in Figure 4, which shows the sepa-
ration of the load according to the type of current, to
reduce the power of the inverter, and accordingly its

cost [1, 3].

There is no need to power the charger of a cell
phone or laptop and other devices from an inverter.
The same applies to LED lamps, which can operate
on direct current and without drivers for much lon-
ger. The voltage of the HWSPP can be selected, if nec-
essary, for a specific consumer in the range from 12 to
72 V. What will make possible to charge the batteries
not only of electronic gadgets, but of various vehicles
(electric bicycle, electric scooter, electric scooter, etc.).
If necessary, the energy from the HWSPP battery can
be converted into alternating current using an in-
verter for short-term power supply of a low-power
electric tool or use the battery for short-term welding

work. To reduce the cost of the HWSPP and simplify



B Tpyabl yHuBepcuteta N22 (91) - 2023

0,25
0,2 -
< i
< 0,15
=
)
g
=} 0,1
-
© | | N
@ .
=
“ 0,05
0
-200 0 200 400

Nl

y = 3E-12x%- 7E-09x° + 5E-06x? - 0,0008x +0,1183

R*=0,9082

600 800 1000 1200

Yucno obopoTtos, 06p/MUH

Figure 3 — Graph of the dependence of the growth of the current strength of the PVM on the speed of the wind
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Figure 4 — Scheme of HWSPP

its operation, it is recommended to use a voltage of
12 V. The generated electrical energy will be stored in
a battery with a voltage of 12 V. For this, the voltage
of the synchronous generator and solar panels will be
about 14 V. Car batteries with a capacity of 50-200 Ah
can be used as an energy storage device.

Conclusions

The use of HWSPP is justified, since wind and
solar energy is being converted at the same time, tak-
ing into account that in central Kazakhstan in winter

and autumn the wind generator is more efficient, and

in spring and summer more energy is generated by
more efficient solar panels. The HWSPP model has
shown its efficiency and the ability to achieve rela-
tively high revolutions (up to 1000 rpm) for wind
wheels with a vertical axis of rotation. The rotation of
the PVM makes it possible to perform their constant
orientation to the sun and increase the generated
power of the SPP, in contrast to the stationary mode,
by an average of up to 60%, which is quite compa-
rable to using a biaxial tracker. The HWSPP has a
better aerodynamic performance and less windage
compared to the tracker, which will reduce the cost



of the tracking system design. The proposed design
of the HWSPP is more adapted to the gusty winds of
the Central Kazakhstan and is able to withstand wind
speeds up to 30 m/s without destruction. When the
PVM rotates, they are provided with better cooling
and dust removal, which is important for improving
the efficiency of the SPP. In the process of carrying
out, a number of flaws in the design of the HWSPP
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first of all, this concerns the paws, since their cellular
structure obscures the PVM. It should also be noted
that at the stationary position of the PV, its surface
was heated to a temperature of 43°C, and during ro-
tation it decreased to 31°C, which indicates a positive
moment in achieving the cooling effect of the PVM,
which means a reduction in degradation and an in-
crease in efficiency.

were identified, which were eliminated in the future,
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gomosnekmpnik MmoodynvoepiHiH Hymoic muimodiniziH apmmeoipy
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AHOamna. Kyammeinoeirel 1 KBm-Ka OeliiHai aybln0biK en10i mekeHOepoeai asmoHOMObI MymbiHYWblaAapobl 3a1eKmp-
MeH #abobiKkmay ywiH 2ubpudmi xcen-KyH 3AeKmp CMaHyuACbIHbIK yA2iCiH a3ipaey Kapacmelpelaadsl. LLiemendik eH-
dipywinep a3zipnezeH KOAOAHbICMAFbI homosnekmpik modynvdepdin muimodinieiHiH mandaysl KeamipineseH. Kapay
YWiH 2ubpudmi yen-KyH 3nekmp CMAaHYUACLIHbIH yA2ici ycbIHbIAa0bl, MyHOa xcen 0eHzenezi PEM opHamyFa apHanfFaH
HaKkmaymeH 6ipikmipinaeH, asa OHbIH KAAAKMapsl Mendip naacmuKkmeH #acanFaH. [ubpudmi xesn-KyH sanekmp cmax-
UUSACBLIHbIH, #YMbIC icmey npuHyuni gomoanekmpsik mooynsoepdin muimoinieiH apmmeblpyFa #aHe 01ap0biH MO3ybiH
asalimyra HezizoenzeH. TonblK ayKbiMObl 3KCepuMeHmmep Xypaidy #aHe Kayincizoik myleciHiH #obacsiH a3ipaey
YWiH 3epmxaHassiK moodesns a3ipaeHOi. 3epmmey Hamuxcesnepi 3epmmey HaHe eH ymbiMObl Ou3aliHObI i30ey yWiH au-
b6pudmi #aHapPmMoelAAMbIH 3HEP2US KO3iHiH HYMbIC MoOesiH 000H api Kypyra MyMKIiHOIK 6epedi. [ubpudmi xcen-kKyH
3/1eKMpP CMAHYUACLIHLIH, YCbIHbIALIN OMbipFaH #obacel OpmansiK Ka3akcmaHHbIH ekniHOi #endepiHe kebipek belim-
OesneeH xaHe endin wolndamovirsl 30 m/c-Ka deliiH 6ysbiamali memen 6epe anadsl.

Kinm ce3dep: homosanekmpsik moOysnb, KaNak, e 0eHzenezi, KyH 6ardapbl, 1en 2eHepamopbl, 1es 1 bola0amobifsl,
Kyam, bakblnay xcyleci.

MoesbiweHue 3¢hgpekmusHocmMu pabomoi homosnekmpuyeckux modyneii ConHeYHol 31eKmpocmaHyuu
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AHHOMayusa. Paccmampusaromca 80rnpocsl paspabomku modenu 2ubpudHoli eempo-conHeYyHoU 3nekmpocmaHyuu
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0719 31eKmMpPoCHabX¥eHUs a8MOHOMHbIX nompebumeneli ceanbckol mecmHocmu MoujHocmeto 0o 1 kBm. [Mpusodumcsa
aHaAu3 aghgpekmusHocMu pabomei Cyu,ecmeyouux gomoasnekmpuyeckux mooyneli, pa3pabomaHHbIx 3apybexHbIMU
npouzsooumensamu. lpedaazaemcsa K paccMmompeHuro mooesb 2ubpudHoli 8empo-conHeYHOU 31eKmpocmaHyuu, ede
8eMPOKO0/1eCO COBMEWEHO C KAPKACOM 045 KpenaeHua ®IM, a e20 10MamKU 8bInosHeHbl U3 MPo3pavyHo_20 MaAAcmuKa.
B ocHose npuHyuna pabomel 2ubpudHoli 8empo-conHeYHoU 3AeKMpPoCMaHyuU Aexcum rnossileHue 3¢hghekmusHocmu
pabomel homosnekmpuyeckux mooyseli U CHuxceHue ux oeepadayuu. [as nposedeHus HAMYypPHbIX SKCIepuMeHmos
U ompabomKu KOHCMPYKYUU 0XpaHHOU cucmembl 610 CKOHCMPYUPOoB8aHa 1ab6opamopHasa mMmodess. [loayyeHHble pe-
3y/1Mamel Uuccs1e008aHUSA 10380s50Mm 8 dasnbHeliwem co30ame delicmayrowyto modesb 2ubpudHO020 80306HO8/5EMO-
20 UCMOYHUKQA 3Hepauu 014 rposedeHus ucciedo8aHuli u noucka Haubosiee payuoHanbHol KOHcmpykyuu. lpednaaza-
emas KOHCMPpYyKyuA 2ubpudHoli sempo-conHevHol anekmpocmaHyuu 6osee adanmuposaHad K MopebieucMeIM 8empam
yeHMpaneHo20 KaszaxcmaHa u cnocobHa ebideprams ckopocms sempa 0o 30 m/c 6e3 paspyweHus.

Knroueesle cnoea: homosnekmpuyeckuli Modysb, 10MNacMb, 8€MpPOBOE KOeco, OpUeHMUpPO8AHUe 1o COHUY, 8empo-
2eHepamop, CKopocme 8empa, MOUWHOCMb, CAEAAWAA cucmema.
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