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Abstract
Today, the most important problem for all countries of the world is the provision of

electricity to the needs of the population and the industrial sector. Due to low water,
the volume of electricity production at hydroelectric power plants in Uzbekistan has
decreased by 23% this year, as in the countries of Central Asia [1]. According to
statistics, in the Republic of Uzbekistan, when generating electricity in 2021, the
RES capacity was 2,147 MW. The share of hydropower was 2043 MW (95%) [2].

Table 1. Speed of hydraulic turbines, ns.

Types of hydro turbines Ns, 00/mun
o[ § Buc!<et _ 10-50
4 =Eﬁ Radial-axial:
KEA™ Low-speed hydro turbine 70-150
SR Medium turbine 150-250
High Speed Hydro Turbine 250-400
Propeller turbines:
Average working 550-750
Fast turbines 750-950

The hydraulic turbines listed in Table 1 mainly operate with a water head of N>5 m
and require a large water flow. Hydro turbines of the type operate with very low
efficiency, since the water pressure in most sources in Uzbekistan reaches 5 meters.
On the basis of Pelton, Turgo, Kaplan hydro turbines, Hydro Induction Power
produces 3 types of hydro generators HV 1200, HV 1800, HV 3600, and their cost
is $3600, $4200, $6000. They can operate at a water pressure of 18.29-152.4 m, a
water flow of 0.63-37.85 | / s, a maximum power of 0.6-3.6 kW. Their efficiency
ranges from 6% to 30% [5], equipment from Nautilus Water Turbine (Francis) with
46 rpm and efficiency up to 75% (at high water pressures) and 10,600 US dollars

[6].
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Table 2. The main technical characteristics of microhydroelectric power plants
with blades.

Type of micro hydroelectric power station

Options . Micro HPP . Micro HPP

Micro HPP 10Pr 15Pr Micro HPP 50Pr 100Pr
power, KWt 0,6-4,0 2,2-10,0 3,5-15,0 10,0-30,0 | 10,0-50,0 | 40,0-100,0
Water pressure, m 2,0-45 4,5-10,0 45-12,0 2,0-6,0 4,0-10,0 6,0-18,0
water consumption, | g 07.014 | 92" | 010030 | 0308 | 0409 | 0512
m3/s 0,21
Speed, mun? 1000 1500 1500 600 750 1000
Rated voltage, V 230 400 230, 400 230, 400
Rated current 50 50 50 50
frequency, Hz

It is easy to calculate that the efficiency of microGP 10Pr with a water pressure of
2-4.5 mis 47% -64.7%. Diagonal and concave micro HPPs operate effectively at a
water head of N>8 m. Their disadvantage is that the efficiency is very low at a water
head of up to 8 m (Table 2).

In order to eliminate the existing shortcomings of the above hydroturbines, a jet
hydroturbine with a nozzle was developed in [7] (Fig. 1).

/

Figure 1. General scheme of a reactive micro hydroelectric power station.

The developed design of the microTP consists of the following parts: inlet (inlet of
water into the hydroturbine); hydraulic turbine impeller; the outer casing where the
stator is located; frame platform (for installation of micro hydroelectric power
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station); intermediate devices for transmitting the rotational motion of the hydraulic
turbine shaft to the generator; a cabinet with a control system.

When using the Neve-Stokes and Bernoulli equations to calculate the flow rate of
water leaving the turbine nozzle between the surface of the inlet pipeline S2 and the
surface of the water outlet from the nozzle, the following inequality arises:

2—22\/4900 =z 1)

From the analysis for the dependence of the diameter of the inlet pipeline of the
hydraulic turbine on the diameter of the water inlet to the nozzle, we obtain:

d,_ [3
d_32 N (2)

The fact that the radius of the impeller cylinder R2 is larger than d2 leads to an
increase in torque. For the number of impellers mounted on the inner wall of the
stator, the following can be written:
- (R, +h, ).

—dc ;

where, R, +h_, is the inner radius of the stator.

(3)

For the impeller radius Rpk, the stator radius Rst, the radial nozzle height hsp, the
radial height hotr of the impeller and the distance b from the highest point of the
nozzle on a radius from the center of the impeller to the inner edge of the impeller,
the following equation is suitable:

Rem— Rpr= Nen + Nor + b (4)

At a value of b equal to b = 0.7 dc, the reactive force in the nozzle reaches its
maximum value.

For b > 0,7 d., the resulting reactive power decreases, and for b < 0,7 d., the
hydraulic resistance increases.

To create the maximum moment of reactive force, the radial height of the reflector
hotr, the radial height of the nozzle d, the distance | between the stator reflectors
along the circumference and the angle B should take optimal values.

Through experiments and calculations on a hydroturbine model, it was found that
the efficiency of reflectors is maximum at an angle f in the range of 20°+30°.
According to the results of a theoretical calculation of the geometric dimensions and
energy parameters of the hydroturbine, a micro hydroelectric power station with a
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jet hydroturbine with a nozzle was manufactured: at a pressure of 2 meters and a

water flow rate of 0.2 m3/s [8].
The theoretical value of the coefficient of speed is found by the formula:

1

1 3 1
. :f(ng[i)A _365nQ” _ 365:160-02 .. g rom )

Q) ) T E
The prepared microhydroelectric power station was tested in a stream in the village
of Siza, Balykchy district. The average efficiency of micro HPPs was 56%. If the
efficiency of the generator 1s 1gen=0.95, and of the additional devices Ndop=0.95.

In this case, the efficiency of the hydro turbine is found by the following formula

Mg = —— MG — 06 1009 = 62,5% (8)
1en * T peredacha 0,95-0,95

The hydraulic turbine efficiency was 62.05%.

According to the results of theoretical calculations (Table 1.), the efficiency of a
hydro turbine of a micro HPP is 67.54%. Its difference from the test results was
5.5%.
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