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Abstract. There is enough wind and solar energy around the world to meet all of humanity's energy needs. Vertical Axis
wind turbines (VAWT) can be as efficient as the current horizontal axis system, cheaper to build and maintain than horizontal
axis wind turbines (HAWT). They have other unique advantages, such as the fact that they are always dependent on wind,
which makes them important in everyday life for inexpensive, clean, renewable energy sources. Many rural areas do not have
access to electricity, which makes it difficult to water and irrigate livestock. VAWT can even play a key role in solving the
problems of stability and reliability of network connections pumped from power producers and suppliers. In addition, inexpen-
sive VAWT can become an alternative to the destruction of tropical forests for growing crops using biofuels. In this project,
we will try to design and build a Savonius wind turbine with a vertical water pumping axis. We also produce a hybrid model of
water pump driven by solar and wind turbines. The solar energy from the solar panel converts this electrical energy into me-
chanical energy, which converts the shaft connected to the crankshaft. Using a crank mechanism rotating in an up and down
motion, and we use this to lift the water.
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1. Introduction Some of the land used for agriculture in the world and al-
so in Kazakhstan has no access to an electricity grid. There-
fore, mechanical power from tractors or Diesel generators
facilitate the irrigation from wells, streams or canals.

For instance, seventy million farms in India use diesel
powered irrigation systems. As a consequence, a large
amount of energy is consumed during the pumping applica-
tion causing an increase in the product cost.

As water pumping has a long history, many methods have
been developed to pump water with a minimum effort. These
methods have employed a variety of power sources, hamely
human energy, animal power, hydro power, wind power,
solar power and fossil fuels for small generators. Water has
been pumped by using mechanical power of wind energy for
centuries and by using solar energy for the last half century.

For different regions and locations, climatic conditions
including solar radiation and wind speed are always chang-
ing. Hybrid application systems are promising substitutions
which diminish this unwanted instability. Renewable hybrid
systems are combination of renewable technologies or sup-
ported with conventional systems. As the wind and photovol-
taic (PV) technologies advance, the hybrid systems are be-
coming more promising, more reliable and cheaper than
stand-alone wind or PV systems. Hybrid systems improve
load factors and save maintenance and replacement costs, as
the renewable resource components complement each other.
Renewable hybrid systems can provide a reliable power
source for many applications including water pumping.

Water pumping one of the first and most important uses of
windmills, the pump works by pushing up and down through
reverse motion and drawing water from the piston. It is also
important to use energy to rotate the mill to grind the grain. A
solar panel installed next to wind turbines generates electricity

With the technological developments, the drive for re-
newable energy has intensified the use of renewable energy
sources (RES), particularly wind and solar photovoltaic (PV)
generation. The use of renewable energy and hybridization is
taking new shapes, but PV and wind energy tend to be the
center point of renewable energy hybridization. This is main-
ly due to the aim of the reduction of greenhouse gas emis-
sions, but the increased penetration of RES is also due to the
dropping prices of the renewable energy sources. The tech-
nological advancements in the PV and wind generation sys-
tems have been formidable. The global cumulative installed
capacity of all solar PV (utility scale and rooftop) increased
from 42 GW in 2010 to 714 GW in 2020.

Water is the primary source of life for mankind and one
of the most basic necessities for development. The rural
demand for water has increased six-fold, at the same time the
average rainfall has decreased dramatically in many arid
countries in the last decade. Albeit groundwater seems to be
the only solution of the mentioned issue, it encounters some
obstacles since the water table level is decreasing, making
traditional pumping applications ever further difficult.
Groundwater has often been relied upon to meet water needs,
but declining water tables pose significant challenges. As the
water table level drops, accessing groundwater through tradi-
tional pumping methods becomes increasingly challenging.
This situation leads to the necessity for more innovative and
sustainable approaches to water It's crucial to employ a mul-
ti-faceted approach involving sustainable practices, techno-
logical innovation, and water resource management strate-
gies to mitigate the impacts of decreasing water tables and
ensure access to this vital resource for communities
in arid regions.
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in the form of direct current and sends it to an inverter. An
inverter is an electronic device that converts direct current to
alternating current. The inverter supplies current to the battery
and DC motor through power transmission lines. A DC motor
converts electrical energy into mechanical (Rotary) energy and
transmits it to the main shaft connected to the crank mecha-
nism. Currently, windmills are mainly used to generate elec-
tricity, grind grain or pump water. In addition, there is a one-
way valve that prevents water from entering the well again
when the pump makes a backlash [1].

The windmill makes a circular motion by rotating the shaft.
The rotation speed can be adjusted using Gears of different
sizes. A crank-sliding mechanism is used to rotate the rota-
tional movement of the shaft back and forth. The puller is
attached perpendicular to the rotating shaft, and the other rod
is attached vertically from the edge of the wheel to the pump at
the bottom. As the center of the wheel does not move and the
edge rotates in a circle, the bar is pulled up. Nowadays, it is
possible to generate electricity using wind turbines and a solar
battery and connect them to an electric water pump.

1.1. Subsection

The goal of this project is to design and build a self-
actuating vertical axis wind turbine and a solar-powered DC
motor that can pump water in real conditions. Turbine design
involves the study of various options for self-launch, as well
as the development of model and full-scale turbines. A full-
scale turbine is designed in such a way that the power pro-
duced by the engine can be connected to the pump through a
crank slider mechanism that converts the high and low rota-
tional speed of the turbine or the vertical speed of the pump.
The goal of the project is to collect data on the effect of the
angles of inclination of the Blades. Through the use of a
vertical wind turbine and a DC motor, the pumping efficien-
cy is increased.

2. Materials and methods

Kazakhstan has a perfect geographical location to use so-
lar energy. According to General Directorate of Electrical
Power Resources Survey and Development Administration,
in Kazakhstan the average total annual sunshine duration is
2960 hours (daily average 7.4 hours) and average total radia-
tion of 1231 kWh/m? per year (daily total 3.7 kWh/m? per
day) has been identified. Although there are some statistical
methods to predict solar radiation, it is necessary to measure
the solar radiation locally to obtain experimental results. In
this study, the solar radiation in the year 2021 was recorded
by a calibrated pyranometer established to the same location
on the horizontal axis.

During the observation period the average solar radiation
was found to be 1766 kWh/m? per year and the maximum
hourly average radiation has occurred as 1210 W/m? at 14:00
on 1th June, 2021.1t can be concluded that the average solar
radiation increased with sunshine and reached the maximum
during noon hours. Later it was decreasing with decreasing
solar sunshine during the evening hours and ends shortly
before sunset. Before sunrise and after sunset the solar radia-
tion values are zero. The solar radiation is higher in the
summer months from June to July when the irrigation needs
are also higher and overlaps for all crops need which affects
positively the implementation of the designed hybrid system.

In order to determine the wind energy potential of the re-
gion, a wind speed measurement mast was established in ac-
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cordance with the land’s geographic conditions. The wind
speed data were collected from in 2021. According to interna-
tional standards, all the readings were repeated with 10 second
intervals and on average, minimum and maximum values and
their standard deviations were recorded to the datalogger at 10
minutes intervals during the measurement period. The monthly
mean wind speed measured by anemometer, located at the
same mast height (10.5 m) as the wind turbine hub, were
found to be 5.76 m/s, 6.66 m/s, and 6.05 m/s in June, July, and
August, respectively. When the water need gets its peek value
for all crop types considering the worst case [2].

Solar panels absorb the sun's rays as an energy source to
generate electricity. A photovoltaic module is a wrapped Con-
nector node, usually consisting of 6*10 photovoltaic solar
cells. Photovoltaic modules generate and deliver solar energy
in commercial and residential premises. Each module is de-
signed for direct current output under standard testing condi-
tions, usually from 100 to 365 Watts. The efficiency of the
module determines the area of the module with the same rated
power.

Photovoltaic modules use the light energy (photons) of the
sun to generate electricity through the photovoltaic effect.
Many modules use plate-based crystalline silicon cells or thin
film cells. The solar panel must be protected from mechanical
damage and moisture. To achieve the desired output voltage,
the electrical connections of the modules are performed in
series.

Maintenance

The conversion efficiency of solar panels is within 20%,
and the reason for the decrease in efficiency is dust, pollen
formation, etc. When these substances accumulate on the
panels, they obstruct sunlight from reaching the photovoltaic
cells, reducing the amount of energy that can be converted into
electricity. Regular cleaning and maintenance of solar panels
are essential to maintain optimal efficiency and maximize
their energy output.

Turbine operation

Wind energy uses the same concepts as many other energy
sources, using a certain force to rotate a turbine. Then the
turbine sends its energy to the pump, where water pumping is
carried out. When using wind energy, the force that sets the
turbine in motion comes from the wind.

Traditionally, wind energy can only be used in high-speed
areas where the wind speed exceeds 13 m/s every year, but
with new technologies and increased efficiency of pumps, it is
possible to produce more economical wind energy, even with
low wind speed [3]. Innovations such as improved turbine
blade designs, better aerodynamics, and more efficient com-
ponents allow wind turbines to capture energy from lower
wind speeds effectively. These advancements have made it
economically viable to generate wind power in areas that were
previously considered less suitable for wind energy produc-
tion.

Additionally, there are various types of wind turbines op-
timized for lower wind speed conditions, such as smaller-scale
turbines or designs specifically tailored to capture energy from
lower wind speeds. Such innovations have contributed to
broadening the geographical range where wind energy can be
effectively utilized, making it a more accessible and viable
renewable energy source in many regions around the world.

The wind acts on the Blades of the turbine with two driv-
ing forces: lifting and pulling. Force occurs when the aero-
dynamic profile must have a greater distance than the wind.
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The wind blowing from the turbine must move at a higher
speed than the wind. This speed difference creates a pressure
difference. A zone of low pressure is created from the wind,
which pulls the aerodynamic profile in this direction. This is
known as the Bernoulli principle. The Bernoulli principle
plays a significant role in how wind affects the turbine
blades. As the wind encounters the blades, it creates two
distinct forces: lift and drag. This occurs due to the differ-
ence in speed between the wind approaching and leaving the
aerodynamic profile. When the angle of inclination increases,
the distance traveled by the leeward air also increases, con-
sequently raising its velocity and thus enhancing the thrust.
When the angle of inclination increases, the distance traveled
by the Leeward air increases, as shown in Table 2. This in-
creases the Leeward air velocity and thus the thrust. The
Bernoulli principle is shown in Figure 1 [4].

The main reason of the establishing combined solar-wind
system is to support each other in case of producing insuffi-
cient energy by one of them. Solar radiation changes accord-
ing to the season and it can be converted into electric energy
with only the ratio of 1/3 per day on average. According to
the obtained results, solar radiation and wind speed values
during summer months occur in greater amounts as the irri-
gation needs of the crops are higher in the considered region.
In addition, enough amount of energy is not obtained to pro-
duce electricity continuously due to wind variations and
characterization in the locality. In addition, the installed
capacity of hybrid systems is not designed for the worst-case
scenarios due to the fact that power does not come from a
single source, what reduces the installation cost of the power
system. A deal of research has been carried out on wind,
solar and hybrid energy systems. Some of them are related to
stand alone hybrid usage of renewable energy sources, size
optimization, economics of the hybrid systems, seawater
desalination, optimization, home/village/industrial usage,
telecommunication power plants and lighting applications.

Figure 1. Project installation
3. Results and discussion

Table 1. Wind description

Unchanged wind 6-1 m/s

speed

Air density 1.204 kg/m?®

Air viscosity 0.0000181 Ns/m?
TSR 0.15

Solidity 4

Number of airfoils 8

Blade height 700 mm
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The dimensions of the VAWT under construction for this
project are listed above. The diameter of the turbine plate is
300mm, the thickness is 8mm, and the dimensions of the
PVC pipe are given in the following table. This design
choice provides an increase in the number of Reynolds to
rotate the blades and, as a result, increases the lift. In addi-
tion, given the large traction forces involved, the short length
of the aerodynamic profile is less likely to bend.

Wind Turbine/Blades Design

1 .3
P 2pAu

Where, P - Power of wind (W) [4]; A - Area of wind seg-
ment being considered (m?); u - undisturbed wind speed (m/s);
p - air density in (kg/m%); At standard temperature/pressure
(STP=273K and 101.235 KPa), equation reduces to:

Power of the wind

Area A =Lw=0.7*0.1=0.07m’

A Turbine cannot extract 100% wind energy because
some of the wind energy is in because some of the wind
energy is used in pressure changes across the turbine blade.
This decrease in velocity causes the pressure change and
their usable energy. The mechanical power that can be ob-
tained from the wind with an ideal turbine given as.

P, =0.674*0.8428*5 = 7.077W

In equation, an area is referred as the swept area of the
turbine. For VAWT this area depends on the turbine diameter
and turbine blade length. For a vertical axis wind turbine
equation of swept area is

A =0.750*1.125=0.8375m

7.65625=C_*0.56
C,=0.56

Geometric definition: Between the many factors that af-
fect the aerodynamic factor, behavior of the rotor that im-
portant role is played by its solidity, defined as Where «N» is a
blade number, [-], c is a blade chord [m] and is rotor radius
[m]
N =0.8*0.15*0.375=0.45

According to graph TSR = 5 for 0.45 solidity

o 5 10 15
TSR

Figure 2. Rotary solidity as function of TSR
Wind-water pump operation

For different regions and locations, climatic conditions
including solar radiation and wind speed are always chang-
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ing. Hybrid application systems are promising substitutions
which diminish this unwanted instability. Renewable hybrid
systems are combination of renewable technologies or sup-
ported with conventional systems. As the wind and photovol-
taic (PV) technologies advance, the hybrid systems are be-
coming more promising, more reliable and cheaper than
stand-alone wind or PV systems. Hybrid systems improve
load factors and save maintenance and replacement costs, as
the renewable resource components complement each other.
Renewable hybrid systems can provide a reliable power
source for many applications including water pumping. The
water pump works by moving up and down by pushing and
pulling the piston that draws water from the well. In addition,
there is a one-way valve that allows water to flow back into
the well.

The windmill makes a circular motion by rotating the
shaft. The rotation speed can be adjusted using Gears of
different sizes. A crank-sliding mechanism is used to rotate
the rotational movement of the shaft back and forth. The
puller is attached perpendicular to the rotating shaft, and the
other rod is attached vertically from the edge of the wheel to
the pump at the bottom. Since the center of the wheel is sta-
tionary and the edge rotates in a circle, the rod stretches up
and down (and a little to the side and back each time, so you
will need an additional hinge when connecting the rod to the
piston of the water pump).

Solar panel powered DC motor

As we have seen before, the solar panel generates elec-
tricity using the sun's rays, the panel generates a direct cur-
rent that is converted into a variable through an inverter. A
DC motor requires constant power, which can only be
achieved by installing some subsystems in the overall pro-
pulsion system. The inverter sends AC to the battery and
stores it in the battery. This energy is then used to power the
DC motor, which is further connected to the shaft. The shaft
is connected to a crank mechanism used to pump water.

Photons create an electric current when they hit the sur-
face of thin silicon wafers. One solar cell is about 1/2 (0.5)
volts. However, a typical 12-volt panel measuring about
25*54 inches will have 36 sequential elements that deliver
about 17 volts of power [5].

Table 2. Observation table for Wind turbine

Discharge, m® = Wind speed, m/s = Time Sec
1000 8 35
1000 10 31

Table 3. Observation table for Wind turbine +Solar

Discharge, m®* = Motor Rotations RPM = Wind speed, m/s | Time Sec
1000 120 8 32
1000 120 10 28

By using this project, we can design a «Water pumping
system using solar and wind power» and can be successfully
developed. This project proposed the design and architecture
of a new concept of electricity available. The advantage of
the system lies in the fact that it helps to pump water even
when there is availability of electricity.

4. Conclusions

The wind turbine generates variable output power and
hence, it cannot be matched with the PV module in normal
cases. But in this hybrid system this problem is overcome by
connecting the solar module and the wind turbine to the
utility pumping system. It only uses the renewable sources of
energy, thus forming a standalone hybrid system. Even after
installation of this system, if required additional sensors can
also be interfaced with the Arduino controller, leading to
efficient functioning of the system.

From the above data, it is clear that the rotational move-
ment of the turbine and the rotational power transmitted by
the engine are converted into the reverse movement of the
one-way piston rod of the pump. With the adjustable speed
gearbox, you can change the reverse speed.

It is expected that the process, efficiencies, cost and in-
centives of the wind and solar energy application in the
World could be more attractive than the conventional system.
It can be anticipated that the proposed system will be com-
monly used in the future since the cost of the renewable
energy systems is decreasing and the government supports
on them are increasing.

It was found that the hybrid system for the irrigation pur-
poses was especially suitable in remote areas without con-
nection to the electricity grid. Moreover, the designed off-
grid hybrid water pumping system could be an alternative to
diesel-operated agriculture pumps, portable pumps for drink-
ing water/agriculture and it can be applied in farmhouses,
orchards, greenhouses and livestock watering.
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Anparna. Bykin anemze agaM3aTThiH OapIiiblK SHEPrisl KXKETTUTIKTEPiH KaHAFATTaHABIPY YIIIH el MEH KYH DHEPIHsCHI
xeTkimikTi. Tik ockTi xen TypOunanapsl (VAWT) Kazipri KengeHeH OChTIK JKYHe CHSKTHI THIMII OOIyBbl MYMKIH, KeJJIeHEH
ockTi ken TypounanapsiHa (HAWT) xaparanna Oactankplia caly oHE TEXHHKAIBIK KbI3MET KepceTy ap3aHbIpak. Onap/piH
0acka J1a epeKIie apThIKIIBUIBIKTAphl 0ap, MbICAJIBI, OJIap SpKAllaH JKelre Tayen i, OyJ1 onap/ sl KYHIENIIKTI eMip/e ap3aH, Ta3a,
JKaHFBIPTBUIATHIH SHEPTUsl KO3/epiHiH MaHbI3bI 30p. KenrTeren aybulIpIK xKepiiep JIeKTp KyaTblHa KOJI JKeTKi3e anMmanabl, Oy
MaJIIBl Cyapy MEH cyapyFa KaThICTHI KUBIHABIK Tyasipansl. VAWT TimTi 3JeKTp KyaThlH OHIIPYIIIEp MEH KETKi3yIIiiepaeH
Cy alJalTBIH JKENIJIK KOCBUIBICTAPABIH TYPaKTBUIBIFEI MEH CEHIMIUIITT MaceeNepiH menry e MIeNIyIi pell aTKapybl MyMKiH.
ConrpiMeH Katap, ap3aH VAWT OHoOTHIHAB MaiiagaHaTRIH AaKbUIIApABI 6Cipy YIIH XKaHOBIP OpMaHIAPBIH JKOIOFa Oaimama
Ooma amamer. By xobama 6i3 Savonius Tik cy aiimay oci Oap kenm TypOWHACBHIH kobajayra >KoHE jKacayFa THIPBICAMBI3.
Conpaii-ak, 0i3 KyH JXOHE JXKeJl IWipMeHAepiMeH OacKapbhUIaTBIH THOPHATI Cy COPFBICHIHBIH MOJCTIH IIBIFapambl3. KyH
MaHEJIIHeH ajbIHFaH KYH DHEPrHsCHl OYJI JJIEKTP SHEPTHSCHIH MEXaHWKAJbIK JHEprusra alHalablpajbl, OJ HiHAlI TaKTara
KOCBUIFaH OUTIKTI aiHanapIpaasl. MiHAI MEXaHU3M apKbUIbl JKOFAphl KOHE TOMEH KO3FaJIbICKa aiHaiaiblpa OTHIPBHIN, CYABI
KOTepy YIIIH KOJIaHbLIaAMBI3.

Heeizei co30ep: copevl, cy, ocen mypouna, aya, KyH IHepeusicyl.
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AnHoTanusi. Bo BceM MUpe 10CTaTOYHO SHEPTUH BETpa U COJIHIA, YTOOBI yJIOBJIETBOPUTH BCE TIOTPEOHOCTH YeIOBEYECTBA
B 9Hepruu. BerpsiHbie TypOuHbl ¢ BepTHKanbHOH ocklo (VAWT) MoryT ObITh CTONb k€ 3(QPEKTUBHBIMHU, KaK ¥ HBIHEIIHSI
CUCTeMa C TOPU30HTAJIBHOI OCBIO, JIEIIEBIE B CTPOUTEIBCTBE M OOCIY)KHBAaHUH, YeM BETPSAHBIC TYpPOHHBI C TOPU30HTAIBHOI
ocbio (HAWT). ¥V Hux ecTs u Apyrue yHUKaJIbHbIE IPEUMYIIECTBA, TAKHE KaK TO, YTO OHH BCETJIa 3aBUCST OT BETPa, 4TO Jejia-
€T MX BaXHBIMH B IIOBCEHEBHOM JKU3HU JJIS1 HEIOPOTUX, YUCTHIX, BO3OOHOBIISIEMBIX HCTOUHHKOB SHEPTUU. MHOTHE CEeNIbCKUE
paiioHBI HE UMEIOT JOCTYIA K 3JEKTPUUECTBY, YTO 3aTPyIHSIET MOJIUB U opomeHne ckota. VAWT MoxkeT Jaxke ChIrpaTh KO-
YEBYIO POJIb B PEIICHUU NMPoOIeM cTaOMIBHOCTH M HAJEKHOCTH CETEBBIX IOJAKIIOUSHMH, IIEpEeKadnBaeMbIX OT IPON3BOJIUTE-
JIell ¥ IOCTaBUIMKOB 3IeKTpodHeprun. Kpome toro, Hepoporoidt VAWT MoKeT cTaTh aqbTEepPHATUBON YHUUTOKEHHUIO TPOIUYE-
CKHX JIECOB JUISl BRIPALIMBAHUS CEJILCKOXO3SHCTBEHHBIX KYJIbTYpP, HCIOJIB3YIONIMX ONOTOILIMBO. B 3TOM mpoekTe MBI MOMBITA-
eMcsl CIPOEKTHPOBATh U MOCTPOUTH BETPSHYIO TYPOMHY Savonius ¢ BEpTUKAIBHOW OCHIO MEpeKayKy BOAbI. MBI Takke Ipoun3-
BOJIIM I'MOPUIHYIO MOJIENb BOJSIHOTO HACOCA, YIPABIIEMYIO COJTHEUHBIMHU M BETPSHBIMHU TypOuHamu. CoJHEYHast 3HepTrus OT
COJIHEUHOM HaHeNn IpeodpasyeT Ty AIIEKTPHUECKYIO SJHEPTHIO B MEXaHHMYECKYH0, KOTOpas Ipeodpas3yeT Bajl, MOJKII0YEeHHbIH
K KoneH4aTod mate. C MOMOIIBI0 KPUBOUTHITHO-IIATYHHOTO MEXaHW3Ma, BPAIIAIONIET0OCs B JBI)KEHUH BBEPX U BHU3, U MBI
UCTIONIB3YEM 3TO ISl IOABEMA BOJBI.

Knrouesvie cnosa: nacoc, 600a, éempsanas mypouna, 6030yX, COTHEYHAS IHEP2UsL.
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