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Abstract:

Objective. This article reflects the importance of low-pressure micro hydropower plants today,
information about the problems, causes and ways to solve them. The problems of micro hydroelectric power
stations continue to be studied all over the world. Opinions and recommendations are important because
the scientific works and literature of about 20 world scientists and researchers were studied as sources, as
well as scientific information.

Methods. About 20 literatures have been studied, which consider the design of microhydroelectric
power plants operating in low-pressure water sources, the factors causing power losses in them. Based on
the research results, the energy relationships between their constructive and geometric dimensions are
analyzed. Factors affecting efficiency were calculated.

Results. Based on the analysis of the literature, calculations were made for the impeller of the
turbine of a microhydroelectric power station. The number of nozzles in the turbine, the angle of inclination,
the number of guide vanes, the central angle between the guide vanes, the water flow rate, the diameter of
the guide device, the feed cylinder, the taper angle at which the water flow rate is the least energy in flat
compression. The calculations were revised by introducing boundary conditions for several options. It has
been established that when the radius R2 of the guiding cylinder is equal to the radius of the supply cylinder,
the energy losses for energy expansion (compression) are minimal. It was found that the diameter of the
impeller of a hydraulic turbine can be changed to fit the size of the nozzle, however, an increase in the
diameter leads to an increase in the moment of inertia about its center and a sharp decrease in the rotational
speed . The water intakes of the hydraulic turbine feed cylinder and the nozzle are made round, and the
ratio between their surfaces is analyzed.

Conclusions. The diameter of the water supply cylinder of the hydroturbine has been increased in
places where it is planned to work in sources with high water consumption and low pressure. This situation
leads to an increase in the diameter of the impeller. Exceeding the critical value of the impeller diameter
leads to an increase in the moment of inertia and a decrease in the speed of the impeller. This, in turn,
leads to excessive energy losses due to the use of additional pulleys or gearboxes.

Keywords: Nozzle, jet turbine, microhydro, low pressure, Segner water wheel, gearboxes, Darcy
coefficient.

Introduction. Under the influence of | previous year due to lack of water. This
climate change in 2021, the volume of | situation was observed not only in
electricity generation based on | Uzbekistan, but also in the countries of
hydroelectric power plants in Uzbekistan | Central Asia [1]. At the same time, over the
decreased by 23% compared to the | past two years, Uzbekistan has resumed
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the import of electricity from neighboring
countries of Central Asia to meet the needs
of the population and industry at peak load,
especially in winter [2].

According to the Ministry of Energy,
according to the concept of the Republic of
Uzbekistan, by 2030, the growth of
electricity consumption in Uzbekistan is
expected to reach 110 billion kWh. The
concept provides for an increase in the
share of renewable energy sources
(NRES) in electricity generation in the
country from 11 percent by 2030. It is
determined that 5% of it is brought by the
sun, 3% by the wind and 3.8% by
hydropower [3].

Due to the fact that the slopes of the
main parts of water sources such as rivers,
channels, channels and irrigation systems
in the world are small, the construction of
small hydropower plants in them will cause
damage to large areas of cultivated land
and environments. In such places, there
are many places where you can create a
water pressure in the range of low 1.5-5
meters, where you can build and use
thousands of micro hydroelectric power
plants [4-6].

It is known that most of the existing
rivers, canals and hydro sources in our
region have a low head. Today, almost all
over the world there is a special interest in
the use of this hydropower potential for the
production of electricity, and at the same
time, hydropower is seen as an urgent task.
Efficient use of environmentally friendly
sources of hydropower is also one of the
priorities of the country's economic
development [7].

In the work carried out, the main part
of micro HPPs using the water flow rate of
a low-pressure turbine is made up of
buckets, propellers, propeller parts, and
their improvement is aimed at changing the
angle of impact of water on the blades and
changing the surface curvature or
geometric shapes of the blades, as well as
their focus on determining the optimal
values of their sizes [8-14].

Methods. If you dwell on active hydro
turbines designed to operate in a low-
pressure water flow, you can see their pros
and cons. For example, in [15], a
catamaran-type floating hydraulic device
with unstable operation was developed to
change the water flow. [16] During
operation, vane gearboxes transmit
movement independently of each other to
a vertically or horizontally mounted shaft
through gears. This device has very large
dimensions, and also works unstably when
the amount of water flow changes. Also in
scientific papers [17-21], large-sized active
hydraulic  turbines with low water
consumption and low pressure and water
wheels of 2-3 m were developed. Due to
the high cost of low-speed, multi-pole
generators, they are rarely produced in
industry [22]. This situation leads to the use
of gearboxes or multiple cascaded pulleys,
resulting in wasted energy. As a result, the
efficiency of the micro power plant
decreases.

Existing designs of jet turbines (radial
axial, propeller, with rotating blades, two-
bladed) are characterized by efficient
operation at heads of more than 4-5 m
[23-24].

An analysis of information sources on
hydraulic turbines shows that jet turbines
have a significant drawback, that is, their
efficiency changes dramatically with load
changes, and a high efficiency zone is
observed only in a narrow range of power
changes. This disadvantage significantly
reduces the efficiency of jet turbines when
used in energy-deficient systems [25]. At
low pressures, the efficiency of these
turbines is sharply reduced, which gives
unsatisfactory results at low pressure water
flows.

In conclusion, from the above, it has
become clear from the studies of jet
turbines developed to date that the nozzles
attached to the impeller of a jet turbine
mainly have the geometric shapes shown
below in Figure 1. They can be made from
round or rectangular tubes.
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Figure 1. General scheme, top view of the hydro turbine nozzle nozzles. 1-
nozzle water intake channel; 2- conical drainage channel

In works [8-11], the water nozzle
shown in Fig. 1-a), consists of two parts,
consisting of an inlet channel 1 and an
outlet channel 2. In it, the water flow leaving
in the radial direction is directed towards
the inner wall of the water intake channel,
under the influence of the linear speed of
the rotational movement of the impeller, the
water flow is slightly directed towards water
outlet channel. However, the flow of water
leaving the divertor practically returns in the
radial direction due to its high absolute
velocity. As a result, the water beams
leaving the guide vane and returning from
the inner wall of the nozzle interact with
each other, creating a low-speed water flow
inside the nozzle, which is in uneven non-
uniform motion. This water flow is directed
to the outlet channel under the action of
water pressure. Due to the low speed of the
water, the reactive force generated in the
nozzle is small. In other words, due to such
movement of the water flow, energy losses
are observed. b) in the nozzle in the figure,
the water jets returning from the inner wall
at the nozzle inlet move towards the
extreme points of the nozzle in the radial
direction. At the center and bottom of the
nozzle inlet, the flow to the nozzle is

influenced by a second return flow from the
top of the nozzle. In this case, as
mentioned above, there is a loss of energy.
In this case, the component of the impact
force of the water column on the inner wall
of the nozzle is acting perpendicular to the
radial direction and the reactive force is
equal to the change in the momentum of
the water leaving the nozzle. rotated 90° to
the outlet channel. In this case, the angle of
rotation is equal to the drag coefficient
€o0=1,25according to the formula of L.V.
Semikin [12]. If the turn is at a large angle,
a straight turn occurs, the energy loss is
reduced. The reactive power generated in
this nozzle is equal to the change in the
momentum of the water jet emerging from
it.

In works [13-14], they were carried
out on a jet turbine with nozzles, but the
change in the number of nozzles
depending on the size of the impeller, as
well as the method for determining the
geometric shape, the dependence of its
dimensions on the dimensions of the
turbine does not light up. The general
scheme of the top view of the horizontal
section of the impeller of the hydraulic
turbine is shown in fig. 2.
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Figure 2. Top view of the horizontal section of the jet nozzle hydraulic turbine
impeller [6]

On fig. 2 shows how part of the water
entering the impeller nozzle with a speed of

U5 interacts with point A and leaves the

nozzle with an absolute speed of v,. The
flow of water in a vertical pipe of radius Rz,
spreading from the center along the radius,
is directed to the water intake channel of
the nozzle 3 through the 1st guide vane.
Let the absolute speed of the water

entering the nozzle v5 the linear speed of
a point at a distance Rz from the center of
the cylinder be equal to u at dynamic
equilibrium.

The water flow with speed U5 hits the

inner walls of the nozzle 3 at an angle ¢

relative to the normal to it. As a result of the
impact, a reactive force acts on the impeller
in the direction of the speed u , proportional
to the cosine of the angle. The water flow
returning from the inner wall of the nozzle
exits the nozzle through a conical baffle
with a cone angle of 30°-35°. To calculate
the reactive force FA created by water
leaving the impeller nozzle, the change in
the momentum of the incoming and
outgoing water in it is determined, and the
force acting on the nozzle at point A is
expressed as follows [13]:

S
F = pS.0% cos B+ SH
psz[ B \/NS4(

This design power is the power
generated by a single nozzle and is
determined by multiplying the total reactive
power by the number of nozzles.

It can be seen from formula (1) that
the reactive force generated in the nozzle,
the speed of the water leaving the nozzle,
depends on the installation angle of the
guide shovel relative to the radial direction
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B. The geometric shape of the nozzle
ensures the angle of impact of the water jet
against the inner walls of the nozzle and
the direction of the nozzle back to the exit
window of the water in such a way that the
directed water flow creates a reactive force
due to the uniform rotation in the nozzle. In
accordance with the pressure and flow of
water in these hydraulic turbines, the

ij"'l_%(;ﬁo"‘gz);} (1)
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geometric dimensions and number of
nozzles change. Depending on its
geometric shape, its energy parameters
also change. When the location of the
water flow inlet to the nozzles along the
perimeter of the impeller and a large
distance between the nozzles, energy
losses are observed as a result of the
resistance of the water inlets and the
influence of the walls of the working
cylinder.

Results. Let the number of nozzles
on the impeller of the hydraulic turbine be
m. If the number of vanes located along the
arc formed by one nozzle is equal to n, then
the central angle between the two vanes

corresponds to a = 2—”. Based on this, we
mn

will develop a method for determining the
geometric shape of one nozzle. To do this,
it is necessary to determine in advance the
geometric dimensions of the impeller and

guide device. Let us assume that a
diversion device designed for water flow Q
is attached to a supply cylinder with a
diameter of d2, a shovel of length 4
direction is attached to the radial direction
at an angle of 8 to the radial direction, and
the water flow in nozzle mixers consumes
the least energy in flat compression let the
taper angle x=30°-35° degrees [12].

The number of hydro turbine nozzles
can be 2 or more. Below is a schematic
drawing of a part of the impeller with four
nozzles in the OXY plane (Fig. 3).

To determine the geometric shape
and dimensions of the nozzle, initial
conditions are needed. We include these
conditions depending on the water flow and
water pressure in the hydraulic turbine.

The radius of the feed cylinder of the
hydraulic turbine R1, the water flow Q is
constant Q=const and the water pressure
H, the relationship between which is as
follows:

f Q
R = |—F——; 2
1 rep\2gH @

where ¢is the water loss coefficient
of the nozzle at the water inlet to the supply
cylinder; ¢ is the ratio of the surface of the
wetted perimeter of the water flow in the
cylinder to the cross-sectional surface of
the pipe. For injectors of medium quality
ep=0.9, you can get ¢ =0.95 [15].

When the radius R, of the guiding
cylinder is equal to the radius of the feed

cylinder, the energy loss due to energy
expansion (compression) is minimal. The
inner radius of the guide cylinder, taking
into account the wall thickness, is equal to
R, =0.98R, . For the length of the guide
vane, determined depending on the inner
radius and its height in the radial direction,
the following results were calculated:

. T
sin —cosf} n n - n -
h, =R,| —— — Jtg®? — +2(1-cos—) —2tg—- . [2(1 —cos—) -cos— )
2 T m m m m 2m

Cos
m

Impeller cylinder outer radius Rs, guider radius Rz, guide vane radial height h,
distance between shovel and impeller cylinder inner wall & and cylinder wall thickness bs

will add up:
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Ry =R, +h, +5+b;; 4

By changing the diameter of the
impeller of this hydraulic turbine to the size
of the nozzle, it can be made of any size,
but an increase in diameter leads to an
increase in the moment of inertia about its
center and a sharp decrease in the
rotational speed. Itis also necessary to use
additional transmission parts. As a result,
the efficiency of the hydro turbine will be
low. To avoid these shortcomings, it is
necessary to determine the optimal
dimensions of the nozzle parts of the

1

I, =
®z
this includes the following definitions:

impeller. To do this, it is necessary to
determine the rotational speed w, suitable
for the generator selected for the hydro
turbine. The rotational speed depends on
the speed of the water flow us entering and
leaving the hydro turbine nozzle us. The
distance from the center of the water outlet
from the nozzle to the center of the impeller
rois the force arm, and the optimal value of
this force arm is determined by the water
flow rate us entering the nozzle:

(t+ ; +1); (5)

t_3\/27w§c+J(27w§c+c)2 —442

oo S0 (cosp + ).

3

no,

9

2

S, (S, 1
= 25 2y -2 (E, +1.25):
o \/S (S J 2(§SK )

4\ P4

In this case, the absolute velocity of the water jet leaving the nozzle is calculated by

the following formulas [16]:

v, =00

¢, mv, sina, sin 3 R

i(a,

v, =
? 2nR2

AR
Cox =O,125/1-(1—{S—3J ], (6)

Here Ss, S4 are the surfaces of the
inlet and outlet of water from the nozzle,
respectively; a+ and a2 are the angles of
water entry and exit to guide vanes,
respectively; B - installation angle of the
guide vanes with respect to the radial
direction; A - Darcy coefficient.

The Darcy coefficient is determined

depending on the degree of tortuosity of the
pipe and the Reynolds number. Fluid
flowing in turbulent mode in a smooth pipe
with steady flow (10°<Re <108). The
Darcy coefficient is determined by the
Nikuradze formula [12; 160-b]:

A =0,0032 +0,22 - Re ">’ (7)

The speed of the water jet leaving the deflector blades before entering the nozzle is
reduced due to the expansion and resistance of the blades. Its absolute speed must be
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increased as much as possible so that the jet of water coming out of the nozzle acts on
the nozzle with a large momentum of force. Therefore [13; 98-100 pp.], a condition has
been developed for optimizing the ratio of the water surface entering the nozzle to the
surface of the water leaving it. In it, the water intakes of the hydraulic turbine feed cylinder
and nozzles are made round, and the following ratio is obtained between their surfaces:

S,

S_ > \,CJQOO —Cex 3 Soo =125 (8)

where Ss - exit from the nozzle - cross-sectional area;

90 - coefficients of water resistance when rotated by 90° and sk - reduced section
in the nozzle cone.

Determine the ratio of the water inlet and outlet surfaces of one nozzle as follows:

>k ©)
S,

Taking the value k equal to 2 gave | case. And Ss is determined by the arc
good results in the experiment [26]. leads | length A7No, where one nozzle is drawn
to an increase in speed by a factor of 2 in | into the working cylinder (Fig. 3). p percent
accordance with the continuity equation. | of the entire length of the arc is occupied by
Increases its value by reducing water | the nozzle ArAs hardening part to the
consumption and increasing seal mobility | working cylinder. The remaining 7-p
due to local resistance. This results in | percent is water input. The height of the

reduced efficiency. water intake of the nozzle is equal to the
This condition also applies to our | height of the guide vane L. In this case:
p . 2m
S, =(1-—)==RL; 10
s =(0=100) 0 R )
Using the continuity of water flow and (9), we determine the surface S4:
S, =kS;; (11)
X nozzle outlet width:
x=k 1= |2Tg_. (12)
100 ) m
As
A
A3z
A AL dnsﬂ. Ps ) Y Pa w
' Ps
k| Ls pr 2
r Lsr,’r J”’lp
' Bslf ;’IL‘: ” "" Yo o
.II / ad 4 L3 B - .:ll.l1
Ii,’ 7 ”12 ’—ﬁ_ih Y71
o | a5 A Ll M, M.
] 2 B1 [i] 01
i X
o
. M M5

Figure 3. Method for creating the geometry of the nozzle impeller nozzle
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Discussion. The force expressed by
formula (1) is determined by the difference
in momentum of the water jet entering and
exiting the nozzle. In order for this force to
reach its maximum value, the angle
between the directions of the absolute
velocities of the water flow entering and
exiting the nozzle must be as large as
possible and close to 180°. In this case, the
jet of water coming out of each guide vane
must be compressed in a straight line
towards the outlet window. To analyze this
situation, we divide the water flow from the
nozzle guide vanes into separate small
water bundles. In this case, we can assume
that it obeys the law of geometric optics,
neglecting the viscosity of water. Because
if we assume that there is no viscosity
between the molecules in the liquid layer,
then they behave like an absolutely elastic
body, while the water layer also obeys this
law. Based on the foregoing, we introduce
the appropriate conditions for the trajectory
of the water jet, i.e. - the water flow from the
guide vanes must hit the inner walls of the
nozzle so that the water jet returning from
the wall at an angle ¢i is directed towards
the outlet window of the nozzle, without
intersecting with neighboring jets of water.
In this case, the water column, as it were,
leaves the point O and goes to the inner
wall of the nozzle (Fig. 3).

In the initial position, the top view of
the confuser forms a trapezoid M1M2MsMa.
Let the cycle frequency of a hydraulic
turbine operating in a water source with a
water flow rate Q and a head H be equal to
w, and the center of the water outlet of the
corresponding nozzle be equal to O1.
Distance from the center of the impeller to
point O1 ro, spillway width in the radial
direction M2M3=2f0, Mi1Ms=4£, VoMs= {o
and nozzle cone angle baffle ~Ms= ¥
Symbol x input, Ai point identification work
in progress on the next steps.

Let the water handle LoNo, L1N1, ...

LnNn be directed to the points Ao, A1, ... An
through guide vanes. Let the water beams
returning from these points arrive at the
point O1 of the nozzle. Then from Fig. 3
shows that if the coordinates of the points
Ao, A1, ... An are defined, then the curve
passing through these points determines
the shape of the top view and the geometric
dimensions of the nozzle edge.
Considering the coordinates of these points
as a straight line, one can construct the
equations of each straight line in the
Cartesian  coordinate  system  and
determine the coordinates Xai and Ya,,
respectively. In this case, taking a large
number of spades along an arc
corresponding to the angle occupied by the
nozzle gives a good result for creating a
straight curve of the geometric shape of the
nozzle.

Conclusions. Based on the results
obtained, the height of the designed nozzle
in the radial direction decreases with an
increase in the number of nozzles.
Because the arc drawn into the central
corner that the nozzle should occupy
becomes smaller. As a result, the radius of
curvature of the curve formed by
connecting the points Ao, A1, ... An,
decreases. Based on these results, by
changing the number of nozzles, it will be
possible to control and calculate the power
arm of the impeller, that is, the torque.

The diameter of the water supply
cylinder of the hydroturbine is increased in
places where it is planned to work in
sources with high water consumption and
low pressure. This situation leads to an
increase in the diameter of the impeller.
Exceeding the critical value of the impeller
diameter leads to an increase in the
moment of inertia and a decrease in the
speed of the impeller. This, in turn, causes
excessive energy losses due to the use of
additional pulleys or gearboxes.
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Abstract: Analytical research on the effective use of solar energy in the conditions of Uzbekistan
was conducted in the article. It was mainly analyzed that solar energy devices are more effective in using
them according to their goals. The article contains theoretical conclusions based on the results of the
research methods used in the literature. The data was analyzed using the "Methodological analysis" and
"Meta-analysis" methods.
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Introduction. Currently, in order to
meet the demand of energy consumers,
nature is being damaged due to the use of
organic fuels in the world. As a result, new
types of diseases are appearing in the
human and animal world (land and water).
In addition, the sharp reduction of organic
fuel reserves leads to an increase in
indicators of the shortage of energy
resources in various fields. Therefore, one
of the main problems facing humanity is to

Environmentally clean energy can be
obtained only from energy sources that
exist in nature and do not emit harmful
gases and waste as a result of their use [1-
23).

Methods. The use of solar energy is
an unlimited source of energy for the planet
earth. At present, scientific research is
being conducted to achieve efficient use of
solar energy based on the use of new
technologies using various methods. In

provide energy consumers with | theory, solar energy has the potential to
environmentally friendly energy. | adequately meet the energy needs of the
205
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