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Abstract

The article deals with the creation of water engines for mobile micro-hydroelectric power plants and pumps with a
capacity of 1-10 kW, operating at the expense of the energy of naturally flowing water; i.e. development of methods of
using the energy of flowing water, without the construction of hydraulic structures and dams, without causing harm to
the environment. Also, an experimental model of a water engine and the results of experimental studies are presented.
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Introduction

Due to the development of society, continuous development of
many industries and population growth, the need for energy is
growing every day. Therefore, energy deficiency is a pressing
problem not only in our region, but is becoming a pressing glob-
al problem.

Currently, many scientists and engineers around the world are
working on finding and effectively using non-traditional energy
sources. Researchers are looking for various methods and ways
to solve this problem. Among them, the most noteworthy are the
use of the energy of flowing waters, winds, ocean tides, ocean
waves, heat in the depths of the earth and solar rays.

Let's consider the energy sources that exist in the nature of our
region: the oceans are far away, there are few winds, the earth's
heat is quite deep. However, unlike the above, our country has
a lot of sun rays, rivers and canals. Despite the many studies
conducted on the use of solar energy, generating electricity from
it is still relatively expensive.

Therefore, we can conclude that now the most convenient
way for us to obtain energy is through rivers, canals, mountain
streams and irrigation ditches, in a word, these opportunities are
associated with flowing waters (water pressure).

Research and engineering works devoted to the design of hydro-
electric units with a capacity of no more than 10 kW, the theoret-

Page No: 01 /

www.mkscienceset.com

ical foundations of their creation and research have been studied
on the Internet. At the same time, the main attention was paid to
articles published in foreign journals with high impact factors.

An article published in the journal “Water and Environment”
examines the use of micro hydroelectric power plants without
causing harm to the environment [1]. It states that in order to ef-
fectively use the energy of running water, it is necessary to build
a special hydroelectric structure.

An article in the journal “Energy Procedia” is devoted to the ef-
ficient use of flowing water in mountainous areas [2]. It provides
a calculation of the capacity of a micro hydroelectric power sta-
tion depending on the amount of flowing water.

A number of scientific research papers have been published on
the design of micro hydroelectric power plants [3]. Scientists
from Malaysia and Egypt have developed a classification of hy-
dro turbines used in micro hydroelectric power plants. Along
with this, recommendations have been given on which turbines
should be used depending on the power obtained.

Methodology

An article published in the [IUM Engineering Journal presents
the design of a hydroelectric unit, which is the antithesis of a
water pump and is designed to generate energy from uniformly
flowing water [4]. The calculation of the power of falling water
and the amount of electric current generated is given.
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Marketing research conducted to study countries producing
micro hydroelectric power plants, as well as an analysis of lit-
erature and Internet resources, show that currently, in practice,
mainly dam, diversion, dam-diversion micro hydroelectric pow-
er plants operating at a hydraulic pressure of 3-18 meters, as well
as free-flow micro hydroelectric power plants are used.

The simplest and cheapest method of extracting the energy of
flowing water is the use of mechanical installations, i.e. water
engines. According to calculations, using such an installation
with an overall size of 1 m3, it is possible to obtain up to 1-2 kW
of energy from the pressure of water flowing at a speed of 1 m/s.
At a water flow rate of 2 m/s, this figure will be 5-6 times higher.
The energy of flowing water, obtained by an engine immersed in
it, can be determined by the following formula:

N:%pVSFn,

here: p= 1000 kg/m3 — water density; v — water flow velocity
(m/s); F — total area of engine working blades (m2); n — engine
efficiency.

From the above expression it is clear that from water flowing at
a speed of 1 m/s, with the help of mechanical installations with a
working blade area of 1 m2, it is possible to extract up to 500 W
of energy. Consequently, with an increase in the working blade
surface, the obtained power also increases.

Increasing the speed of the water flow will lead to a multiple
increase in the energy received. By finding a unique design solu-
tion, it is possible to increase the speed of the water hitting the
working blades of the engine.

When extracting energy from the flow of water using water en-
gines, the speed of the water necessarily decreases. However,
under the influence of gravity, the water quickly regains its pre-
vious speed. Since flowing water has the property of restoring its
energy. Theoretically or experimentally, it is possible to deter-
mine the distance required to fully restore the speed of the water
flow. Based on this, thousands of hydroelectric units can be in-
stalled on rivers or canals to extract the energy of flowing water.

Let's consider methods of obtaining energy from water flow:
«  direct use of potential energy;

» use of kinetic energy arising from potential energy;

* joint use of both types of energy;

» use of potential energy arising from kinetic energy;

use of kinetic energy.

Result and Discussion
The first three methods are effective, but to use them it is neces-
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Figure 1: Micro hydroelectric power station based on a water engine
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sary to create an artificial waterfall with a significant difference
in hydrostatic levels. That is, it is necessary to build an expen-
sive dam, a barrier, the cost of which is hundreds of times higher
than the cost of a hydroelectric unit. Consequently, hydroelectric
units used to obtain energy from a freely flowing stream of water
are more effective from an economic point of view. They can
be installed anywhere in the flowing water and, undoubtedly,
can become a free assistant providing energy when pumping wa-
ter and generating electricity for the needs of small businesses,
farms and populations located along rivers, canals, etc.

Based on patent research on water engines and the results of
scientific research analysis, a design scheme of an engine corre-
sponding to the current waters in our region has been developed
[5, 6].

During its development, the following requirements were im-

posed on the engine design:

1. The transmitted power of energy must be at least 2.5 kW.
The engine is intended for individual use. The daily needs
of one family consume at least 2.5 kW of electricity.

2. The weight should not exceed 50 kg. In this case, two peo-
ple can install it anywhere in the flowing water.

3. The overall dimensions of the volume should not exceed
Im3. Such a volume of the hydraulic unit will not create in-
convenience during loading and transportation by transport.

4. The design should be as simple as possible. The number and
types of parts used are reduced. Manufacturing and assem-
bly technologies are simplified. This creates convenience
in the operation and repair of the engine. Its reliability and
service life are increased.

5. The price should be affordable. Every farm or family should
be able to buy it.

6. The service life should be at least 5 years, and the payback
period should be no more than 6 months. Each family or
farm with such an engine will be provided with almost free
electricity for 5 years. The costs will consist only of pur-
chasing a generator and repairing the engine once or twice a
year (replacing bearings and chain transmission).

A water engine design has been developed in several variants
and a mobile Microhydroelectric Power Station (Fig. 1) has
been manufactured based on these designs, meeting the above
requirements. The engine is designed to obtain and transmit the
kinetic energy of flowing water.

The engine consists of a prism-shaped frame and its legs, sev-
eral shafts, working blades rigidly attached to them, sprockets,
chains, a power take-off shaft for a generator or other device, and
an external platform. The working shafts and the power take-off
shaft are mounted on the frame using bearings. The middle shaft
has three, the others have four working wheels.
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The engine works as follows. The engine is immersed in water
with the front side perpendicular to the water flow and the frame
legs are fixed to the bottom. A chain transmission is installed on
the rear side of the engine. The working blades will be perpen-
dicular, and the working shafts parallel to the direction of the
flow. The generator and power take-off shaft platform located on
the frame is above the water. The water flow affects the working
blades. Since the blades are located across the plane of the shaft
at a certain angle (30 ... 600), they rotate due to the flow of water.
Due to the rigid fixation of the blades, the shaft itself rotates. The
rotation of the shaft is transmitted to the power take-off shaft by
means of chain transmissions.

Since all the stars are identical, all the working wheels and their
blades have the same shapes and sizes, so they rotate synchro-
nously. And the synchronous rotation of the blades is a factor in
regulating the movement of water flowing through them. Also,
the synchronous rotation of the blades helps to increase the
speed of the water flow, which, in turn, will lead to an increase
in the power taken.

An experimental water engine setup has been developed and
manufactured. A river with the following characteristics was
chosen for the experiment. Its width is 5 m, average depth is 0.5
m, and transparent water flows in it.

The experimental work was carried out in the following order:

1. The speed of water flow has been determined.

2. At awater speed of 1.5 m/s, the angular velocity of rotation
of wheels completely submerged in water and the torque of
these wheels are determined.

When the impellers were completely immersed in water, the fol-

lowing was observed:

*  when two working wheels are located one behind the other,
their rotation speed is not the same;

*  the second wheel rotates more slowly;

*  when two working wheels come closer together, the torque
on the power take-off shaft decreases, and when they move
away from each other, it increases;

e After flowing through the wheels, the water surface level
decreases slightly and a case of cavitation occurs behind the
wheel blades.

The arrangement of the working blades along the longitudinal

axis determines the shaft rotation speed and rotational force.

It is evident from the graph that as a result of increasing the
angle of inclination, the speed of rotation of the shafts decreases
(Fig. 2). The torque is maximum in the range o= 450-600.
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Figure 2: Change in circumferential force and rotation speed depending on the blade installation angle

Based on the values obtained during the experiment, a graph of the relationship between the output shaftpower and the blade angle

was constructed (Fig. 3).
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Figure 3: Power dependence on blade installation angle
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The graph shows that when the blade angle is in the range of
450-600, maximum energy is extracted from the water flow.

At an inclination angle of 300 and 650, the same power can be
extracted from the output shaft. However, at a small inclination
angle, the load on the blades increases. This leads to bending
or breaking of the blades. Therefore, when manufacturing water
engines, the inclination angle of the blades, based on technolog-
ical requirements, is set within 450-600.

Wheels mounted on the same shaft must rotate at the same speed.
To ensure this, the distance between the wheels must be at least
40-50 cm, and the angle of the blades for each subsequent wheel
must decrease by 5+100. Observations also showed that parallel
wheels do not interfere with each other during operation.

To reduce the possibility of cavitation between the wheels, the
back side of the blades should be slightly convex.

Conclusion

Based on the results of the experiment, the following important

conclusions can be drawn for the manufacture of a water engine:

* the number of working shafts of the engine should be 4,
each shaft should have 3 wheels;

e wheel diameter - 40 cm, the distance between wheels on one
shaft should be 50 c¢m;

e the distance between the shafts should be 45 c¢m;

« the angle of inclination of the wheel blades located on the
first row should be 600, and on the following ones it should
be reduced by 5-100;

¢ the diameter of the wheel hubs should be 8+10 c¢m;

e The thickness of the blades must be at least 1.5 mm.

A water engine with overall dimensions of 1800x1100x500 mm,
manufactured on the basis of the above conclusions, can provide
power at a speed of 1.5 m/s —2.1 kW, at 2.0 m/s — 4.5 kW, at 2.5
m/s — 8.7 kW, at 3.0 m/s — 15 kW, respectively.
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