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Abstract. Microhydroelectric power plants with screw turbines operating on low-pressure watercourses
represent a new form of small-scale hydropower. Modeling of the design parameters of a micro-hydroelectric
power station with two parallel screw turbines operating in low-pressure water flows, and the optimal values
were determined. The purpose of the conducted scientific research is the screw turbine outer diameter (Do),
inner diameter (D;), total length of the screw (L), the number of blades (N), the angle of inclination of the
screw (3), the length of one revolution of the blade (S), the height (H) of the pressure generator is to increase
the efficiency of the impact on the number of revolutions, torque and mechanical power based on the correct
selection of optimal options.

1. Introduction

It is well known that some of the drawbacks of large hydroelectric power plants, such as a significant proportion of
capital costs per unit of generated power, are eliminated when a decentralized supply of electricity is implemented in
small and micro hydroelectric power plants in conjunction with their advantages. Such hydroelectric power plants also
contribute to the development of the region and are especially important for developing economies because they have
little environmental impact and can be entirely developed using local labor, resources, building materials, and so on. A
comparatively small number of customers who are close enough to the hydroelectric power plant receive the generated
electricity. Thus, energy production using small hydroelectric power plants is one of the most effective areas for the
development of alternative energy sources.

Comparing modern hydropower to other alternative energy sources, it is the most cost-effective and environmentally
benign method of producing electricity. With regard to useful work coefficient, small hydropower is a more dependable
and efficient resource in this direction. Small and micro hydroelectric power plants enable the preservation of the
surrounding natural environment and scenery both during construction and operation. In contrast to large dam
hydropower plants, micro and tiny hydropower plants do not negatively affect the environment [1, 2]. Effective use of
micro hydropower plants, which are alternative energy sources for agriculture, light industry and other electricity
consumers, contributes positively to the introduction and development of new innovative technologies. Micro
hydropower plants with screw turbines may not be a global solution to supply electricity to electricity consumers, but
they offer a renewable energy source with economic and environmental benefits[1, 2]. From practical work on its
development, research on upgrading the Archimedes screw turbine is taken into consideration [1]. In this regard, the
development of hydraulic turbines is a significant issue for the industry's further growth. Screw turbines are an excellent
option for situations where other types of turbines cannot be used since they require less maintenance and are easier to
operate mechanically than other types of turbines [3, 4]. Archimedean screw hydraulic turbines generate power not due
to the upward movement of the fluid, but due to the torque created by the downward movement of the fluid [1, 3, 5, 6].
It is advised that these turbines be built in locations with water flow rates of up to m3/s and water flow pressures of up
to 10 m due to their 60-80% efficiency while running in low-pressure water flows [1, 7].
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2. Methods

When calculating and selecting turbines, the main parameters are the pressure creation height H, power P and efficiency
factor n. The pressure generation height of the turbine is calculated using the following formula [8]:
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where Hy, = Z, — Z, - difference between water supply and intake levels;

vy, VU, - these are the flow rates at the inlet and outlet of the system;
hg - pressure losses at the water inlet, in the pipes where the turbine is located, and in external resistances;

g — acceleration of gravity.

The power of water flow is calculated using the following formula:
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where Q — water consumption; H, — the pressure of the stream; y — specific weight [8].
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The power generated by the turbine shaft is calculated using the following formula:
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where 1 full-time efficiency of the turbine wheel [8].

The efficiency coefficient of the turbine n; depends on the water consumption Q. If the useful pressure H
decreases, the turbine's power efficiency changes imperceptibly [1, 3, 4, 9]. If the water consumption Q is lower
than the minimum, the turbine will not work. When the water consumption is Q and the water consumption is Q_A
Q= Qmin

Qa

q= (5)

through the following empirical equations, the power factor of the turbine n7 is as follows [9]:

IfO uchun Q < Quin

q
. =4| e N Qi <Q < Q ©)

k Nrw uchunQ, <@
When the power factor of the turbine is expressed by the mechanical power supplied to the turbine:

Brex = N1 - Pchiq (7

where P, — mechanical power of the turbine; Py, — turbine output power.

Micro hydropower plants with Archimedes screw turbines are also used in low-pressure water flows or in places where
the pressure generating height is almost zero. Screw turbines use the kinetic and potential energies of the fluid, and this
energy is converted into mechanical work in the process of turning the screw and generating torque. A generator attached
to the screws converts the generated mechanical energy into electrical energy. In screw turbines, the outer diameter (D),
inner diameter (D,), the total length of the screw (L), the number of blades (N), the angle of inclination of the screw (f3),
the length of one revolution of the blade (S), the pressure generating height (H ) and water consumption (Q) based on
the selection of optimal variants of these parameters, an increase in efficiency and mechanical power is achieved [1, 3,
4, 10-16]. Minimum water level hitting the turbine Zui,, maximum water level i.e. complete submergence of the fins
(without overflow) Zmax and the optimal actual water level required to rotate the fins is determined by Z. (Fig. 1) and
dimensionless (relative) water filling height (f) can be seen from the following formulas:

Zin = — =2+ Cos(B) — 3 - Sin(B) ®)

Zinax = 2+ Cos(B) — S - Sin(B) ©)

By introducing the fill factor f as the relative level, the actual water level can be determined as:
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Zwl— Zmi
Zwl = Zmin + Zlen (Zmax - Zmin) = Zmin + f(Zmax - Zmin) (10)
max min
If the dimensionless (relative) height of water filling in the formula (10) is =0, then Zwi= Zmin, =1 Zwi= Zmax, £>1 is the
level of water immersion exceeds 100%, causing water to overflow from the top of the central cylinder, causing water
wastage and reduced turbine speed.

Fig. 1. Cases of water hitting the wings

The volume of water hitting the blades (dV) can be determined parallel to the "w" axis connecting the adjacent points of
the upper and lower planes of the blade. In this case, 0 - angular position is taken between 0 and 2p, and r - radial position
is taken between Dy2 and Dy2 [1, 10, 14], and the total volume of water hitting the filter can be determined as follows:

(0 Zy > Zyy va Zy < Z,
Zy1—Z1 S
dv = ﬁﬁrdrde Z, <7, va Z,, < Z, (11)
%rdrde 7, < Zy va Zy > 7,
1‘=DZ—° 0=2m
V= fr=221 Jooy dV (12)

After finding the volume of water hitting the screw blades, we can find the moment of force generated by the impact of
water pressure on the spiral planes of the screw. Taking into account the static conditions of the lower (Z:) and upper
(Z») water inlet levels on the plane surface of the propeller blade, the hydrostatic pressure (p) at any point of the plane
surfaces is determined by the following expression:

_\pg (Zwl - Zl) Zl < Zwl

p=1{" 2y (13)
_ Py (Zwl - Zz) ZZ < Zwl

p2 - {0 Zz 2 Zwl (14)

The difference between the pressures on the blade's upstream and downstream surfaces is known as the net pressure on
the propeller plane surfaces. Thus, the total moment over all submerged surfaces may be computed as follows if p1 and
p2 are regarded as the pressure on each side of the plane surface. This will also yield the net moment (dT) on each
element area of the screw's plane surface as well as the total moment on a single blade (T):

dT = (p, - p,) 5= rdrde (15)

Do
T= "2 [*2" g (16)
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The total moment due to hydrostatic pressure for the entire length of the screw depends on the total number of blades
and can be calculated as [1, 3, 14]:
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NL
T =T (%) (17)
where N- is the number of blades; L- the total length of the screw; S- the length of one revolution of the blade; T-
torque.
3. Results

The computations that were achieved were derived from the examination of the literature that has been done thus far.
These calculations are based on a mathematical model that was created using data from several books, periodicals, and
articles about hydraulic machines [1, 2, 4-6, 9-11, 15]. Additionally, a small screw hydro turbine model was created.

A small model of a screw turbine micro-hydroelectric power plant operating in low-pressure water flows was developed
by comparing the parameters that play a key role in its high efficiency. Preliminary comparison results were carried out
on the number of blades spirally welded to the turbine shaft, the parameters affecting the change in torque and power
were compared at values of the height of the pressure generator from H=0.1 to 1 m.

When checking the number of blades in relation to the angle of inclination, the length of the screw is 1 m, 2 m and 2.5
m, and the number of blades of the screw is N=1, N=3, N=5. When the angle of inclination is up to 300, it is 1 blade
screw, we can see that the efficiency f the turbine is high (Figure 3).
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Fig. 2. Microhydroelectric power plant with two parallel screw turbines: 1-device base, 2- turbine tray, 3 - generator, 4 - turbine and
pulley connecting part adjusting shaft, 5 - screw
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Fig. 3. A graph of the change in torque when the number of blades changes

The primary objective of the study was to create a tiny, easily installable model of a small hydroelectric power station
with two parallel Archimedean screw turbines. Based on mathematical modeling of these losses, power losses typical of
Archimedean screw turbines were examined and taken into consideration. A tiny model of an Archimedean screw micro

hydroelectric power station with a straightforward engineering design was created and tested in a lab using the suggested
model as a basis.
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Fig. 4. Variation of the useful work coefficient under the change of the number of blades and the angle of inclination

Table 1. Geometric dimensions of the Archimedean screw turbine

Name Parameter Parameter unit Result
Outer radius Ro m 0.0575
Inner radius Ri m 0.0287
Radius ratio S m 0.499
Screw length L m 0.98
Head H m 0.4
Screw inclination B @) 24
Number of flights N 1
Screw pitch S m 0.101
The gap between the 0.002

Gw m

trough and screw
Total screw Torque T Nm 6.89
Power P w 85.3

4. Conclusion

In this work, the model of structural parameters affecting the increase in efficiency of the screw turbine was studied.
The influence of the lower (Z1) and upper (Z2) water entry levels on the plane surface of the propeller blade on the
hydrostatic pressure (p) at any point of the plane surfaces, taking into account the static conditions, was studied.
Archimedean screw turbines with different parameters were studied and the optimal values were confirmed by
comparing the design parameters that increase the efficiency of the screw turbine. As a result, in order to increase the
mechanical power, a small model was developed, which was connected by transmission of two parallel turbines to one
generator.

References

1. D.A. Yoosef, W.D. Lubitz, Archimedes screw turbines: A sustainable development solution for green and
renewable energy generation-a review of potential and design procedures. Sustainability 12, 7352 (2020)

2. A. Davirov, D. Kodirov, R. Tukhtaeva, I. Ibragimov, N. Urokova, Development and testing of a laboratory model
of a two-turbine small hydroelectric power plan. IOP Conference Series: Earth and Environmental Science 1142,
012018 (2023)

3. K. Shahverdi, R. Loni, B. Ghobadian, M.J. Monem, S. Gohari, S. Marofi, G. Najafi, Energy harvesting using solar
ORC system and Archimedes Screw Turbine (AST) combination with different refrigerant working fluids. Energy
Conversion and Management 187, 205-220 (2019)

4.  A. Davirov, D. Kodirov, X. Mamadiyev, Study on screw turbine of the micro hydroelectric power plant working
in low pressure water flows. E3S Web of Conferences 434, 01011 (2023)

5. Z.Rosly, N.S. Azahari, M.A.N. Mu’tasim, A.N. Oumer, N.T. Rao, Parametric study on efficiency of archimedes
screw turbine. ARPN Journal of Engineering and Applied Sciences 11, 10904-10908 (2016)



E3S Web of Conferences 563, 01007 (2024) https://doi.org/10.1051/e3sconf/202456301007
ICESTE 2024

6. M. Alonso-Martinez, J.L. Suarez Sierra, J.J.D. Coz Diaz, J.E. Martinez-Martinez, A New Methodology to Design
Sustainable Archimedean Screw Turbines as Green Energy Generators. Int J Environ Res Public Health 17(24),
9236 (2020)

7.  C. Rorres, Archimedes in the 21 Century. Proceedings of a World Conference at the Courant Institute of

Mathematical Sciences, Cham: Springer Basel AG, Berlin (2017)

K. Latipov, S. Ergashev, Hydraulics and hydraulic machinery, Tashkent (1986)

F. Kuashning, Renawable energy systems, Technology-Calculations-Modeling Textbook, Astana (2013)

10. K. Shahverdi, R. Loni, B. Ghobadian, E. Bellos, S. Gohari, S. Marofi, Numerical Optimization Study of
Archimedes Screw Turbine (AST): A Case Study. Renewable Energy 145,2130-2143 (2019)

11. S.C. Simmons, Ch. Elliott, W.D. Lubitz, Archimed screw generator powerplant assessment and field measurement
campaign. Energy for Sustainable Development 65, 144-161 (2021)

12. A. Stergiopoulou, V. Stergiopoulos, From the old Archimedean Screw Pumps to the new Archimedean Screw
Turbines for Hydropower Production in Greece, Proceedings of SECOTOX and CEMEPE Conference, Mykonos
(2009)

13. C. Rorres, The turn of the Screw: Optimal Design of an Archimedes Screw. J. Hydraul. Eng. 126 72—80 (2000)

14. W. Lubitz, D. Lyons, S. Simmons, Performance model of Archimedes Screw Hydro turbines with ariable Fill
Level. J. Hydraul. Eng. 140(10), 04014050 (2014)

15. N.K. Thakur, R. Thakur, K. Kashyap, Bh. Goel, Efficiency enhancement in Archimedes screw turbine by varying
different input parameters — An experimental study. Materials Today: Proceedings 52, 1161-1167 (2022)

16. 0. Bozarov, R. Aliyev, D. Kodirov, H. Usarov, Energy parameters of a hybrid counter-rotor hydraulic unit
operating on the basis of solar and hydraulic energy. E3S Web of Conferences 434, 01010 (2023)

o >



