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Abstract: This study focuses on improving the efficiency of electricity generation from
low-head flowing water sources. The research examines the operating principles of small-scale
hydropower systems and investigates the influence of water flow velocity and turbine design
on the energy conversion process. In addition, methods for optimizing turbine parameters and
reducing hydraulic losses under low-head conditions are analyzed. The findings indicate that
efficient utilization of the kinetic energy of flowing water can significantly increase the overall
efficiency of small hydropower systems. The results of this study can be applied in the
development and implementation of micro-hydropower installations in rural areas, irrigation
canals, and other small water infrastructures.

Keywords: low-head water flow, micro hydropower, turbine efficiency, hydropower
systems, renewable energy sources

PAST BOSIMLI SUV OQIMLARI UCHUN ZAMONAVIY TURBINA
KONSTRUKSINI TAKOMILLASHTIRISH

Abstract: Ushbu tadqigot past bosimli oqar suvlardan elekir energiyasini ishlab
chiqarish samaradorligini oshirish masalasiga bagishlangan. Ish jarayonida kichik
gidroenergetik  qurilmalarning ishlash prinsipi, suv oqimi tezligi wva turbina
konstruksiyasining energiya ishlab chiqarish jarayoniga ta’siri o‘rganildi. Shuningdek, past
bosimli suv oqimlarida energiyani samarali olish uchun turbina parametriarini
optimallashtirish va gidravlik yo‘qotishlarni kamaytirish usullari tahlil qilindi. Tadgiqot
natijalari shuni ko‘rsatadiki, suv oqimining kinetik energiyasidan samarali foydalanish
orqali kichik gidroenergetik tizimlarning umumiy foydali ish koeffitsientini oshirish mumkin.
Olingan natijalar qishloq hududlarida, sugorish kanallarida hamda kichik suv
inshootlarida mikro gidroelektr stansiyalarni joriy etishda amaliy ahamiyatga ega.

Kalit so‘zlar: past bosimli suv oqimi, mikro gidroelektr stansiya, turbina
samaradorligi, gidroenergetika, qayta tiklanuvchi energiya manbalari.

COBEPIIIEHCTBOBAHUE KOHCTPYKIIUY COBPEMEHHOM
TYPBUHBLBIT IJIA IIOTOKOB BOJBI C HUCKUM HAIIOPOM

Annomauusa: Jlannoe ucciedo8anue NOCEAULLHO NOBbLULCHUK 3¢hghexmusHocmu
8uLIPAOOMKU IJIeKMPUUECKOL dHepeul U3 HU3KOHANOPHLLX 6800HbLX nomokos. B pabome
U3yuenvl, NPUHUUNDL OYHKUUOHUPOBAHUS MAIbLLX 2UOPOIHEPeeMUUeCKUxX YCMAHO80K, «
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makokce BUAHUE CKOPOCMU 600H020 NOMOKA U KOHCMPYKUUU MYPOUHbL HA NPOUECC
eenepavuu snepeuu. Kpome moeo, paccmompervl nooxodbt K ONMUMUAUUL NAPAMEMPOS
MmypOuUH U CHUMCEHUN 2UOPABJIUUECKUX NOMepb 8 YCJI08UAX HU3K020 HANOPa 600bL.
Pesynomamovr  uccnedosarus — nokas3viearm,  Umo — PAUUOHAJIbHOE  UCNOJIb30BAHUE
KUHemUu1ecKkoll dHepaul 800H020 NOMOKA NO380JIAem NO8biCUMb KOIPMOUUUEHM NOJIe3H020
delicmeus mMaubLx 2uoposrepzemudeckux cucmem. Ilonyuernrnoie pesyniomamol mo2ym 6vimo
NPUMEHeHb. NPU 6HEOPEeHUU MUKDPO 2UOPOIJIEKMPOCMAHUUL 68 CeJIbCKUX PAlOHAX U HA
UPPULAUUOHHBLX KAHAJIAX.

Knrouesnte cnrosa: nuskonanoprbili 600Kbili nomok, mukpo 1 IC, aghbgpex musrocmo
mypOuHbL, 2UOPOIHEP2EMUKA, 80300H08JIACMbLE UCMOYHUKU IHEPULL.

INTRODUCTION

Renewable energy sources are becoming increasingly important as the world
seeks sustainable solutions to meet growing energy demands and reduce
environmental impact. Among these sources, hydropower remains one of the most
reliable and widely used technologies for electricity generation. In recent years,
special attention has been given to the development of small and micro hydropower
plants, which can efficiently utilize local water resources without causing significant
environmental disturbances.

One of the main challenges in small hydropower development is the effective
use of low-head water flows. These flows are characterized by relatively small
hydraulic head but often have a large water discharge. Because of these conditions,
traditional turbine systems are not always able to operate at their highest efficiency.
Therefore, improving turbine design specifically for low-head applications has
become an important research direction in modern hydropower engineering.Several
turbine types are commonly used in such conditions, including the Kaplan Turbine,
Propeller Turbine, and Bulb Turbine. These turbines are designed to work effectively
with large volumes of water and relatively low pressure differences. However, further
improvements in blade configuration, hydraulic design, and material selection can
significantly enhance their operational efficiency.Modern engineering methods such
as computer-based fluid flow analysis, improved manufacturing technologies, and
advanced monitoring systems provide new opportunities to optimize turbine
structures. By refining the design of turbine components and reducing hydraulic

losses, it is possible to increase the efficiency of energy conversion and ensure more
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stable operation under varying water flow conditions.The purpose of this research is
to study modern turbine designs used in low-head water systems and identify
possible improvements that can enhance their efficiency, reliability, and long-term
performance. The development of improved turbine KoHcTpyKtions can contribute to
the broader use of renewable hydropower resources and support sustainable energy
development.

The development of efficient hydropower systems for low-head water flows
has been a focus of research for several decades. Low-head sites, characterized by
small hydraulic heads (typically 2—20 meters) but often high flow rates, present
unique engineering challenges. Traditional high-head turbines are not suitable for
these conditions, leading to the widespread adoption of specialized turbines such as
the Kaplan Turbine, Propeller Turbine, and Bulb Turbine.

LITERATURE REVIEW

Early studies focused on improving the hydraulic efficiency of low-head
turbines by optimizing blade geometry and reducing flow losses. For example, Kaplan
turbines with adjustable blades have been widely studied because they can maintain
high efficiency across varying flow conditions (Starke, 2010). Similarly, propeller
turbines have been investigated for small hydropower plants where flow stability is
variable (Kumar et al., 2015).

Recent research emphasizes the use of computational fluid dynamics (CFD)
for turbine design. CFD simulations allow engineers to analyze complex flow
patterns, predict cavitation zones, and optimize blade shapes before physical
manufacturing. Several studies have demonstrated that CFD-based optimization can
increase turbine efficiency by 3—7% while minimizing cavitation risk (Li & Chen,
2018; Singh et al., 2020).

Material science developments also play a critical role. The use of stainless
steel, composite materials, and erosion-resistant coatings has improved turbine
durability under harsh conditions and reduced maintenance costs (Zhang et al.,
2019). Moreover, the integration of generators within turbine housings, such as in
bulb-type turbines, has been shown to reduce hydraulic losses and compact the
overall design (Hussein & El-Tawil, 2021).
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Intelligent monitoring and control systems are emerging as key innovations.
Modern sensors and automatic control systems allow real-time monitoring of
vibration, temperature, and operational parameters, enabling turbines to adapt to
fluctuating flow conditions while maintaining optimal performance (Patel & Mehta,
2022).

Despite these advancements, challenges remain in balancing efficiency, cost,
and environmental impact. Many researchers highlight the need for adaptive turbine
designs capable of handling seasonal flow variations while minimizing ecological
disruption. Continued research into blade optimization, material selection, and smart
control systems is critical for expanding the application of low-head hydropower.

In summary, literature on low-head turbine technology shows a clear trend
toward computational optimization, advanced materials, and integrated control
systems. These approaches collectively contribute to higher efficiency, durability, and
adaptability of turbines operating under low-head conditions.

METHODOLOGY

The methodology for this study is structured to analyze, design, and evaluate
modern turbine constructions suitable for low-head water flows. The research follows
a systematic approach that combines literature analysis, computational modeling,
and performance evaluation. The methodology consists of the following steps:

Literature and Data Collection

- Comprehensive review of existing studies on low-head turbines, including
Kaplan, Propeller, and Bulb types.

- Collection of technical specifications, operational data, and performance
parameters from previous research, industrial reports, and hydropower plant case
studies.

- Identification of common challenges such as low efficiency under variable
flow, cavitation, and material wear.

Computational Modeling and Simulation
- Development of three-dimensional turbine models using Computer-Aided

Design (CAD) software.
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- Simulation of fluid flow using Computational Fluid Dynamics (CFD) to
analyze water velocity, pressure distribution, and potential cavitation zones.

- Optimization of blade geometry and hub configuration to maximize
efficiency for the expected flow range.

-Sensitivity analysis to evaluate the effects of different flow rates, water
heads, and blade angles on turbine performance.

Material and Structural Analysis

- Evaluation of suitable materials for turbine blades and casing, focusing on
corrosion resistance, erosion resistance, and mechanical strength.

- Finite Element Analysis (FEA) to assess structural integrity under
operating loads and high flow conditions.

- Comparison of traditional materials (stainless steel) versus advanced
composites and coated metals to determine optimal choices for long-term operation.

Prototype Design and Performance Prediction

- Based on optimized simulations, a prototype turbine design is developed.

-Performance metrics including efficiency, power output, and cavitation
likelihood are predicted under different operational scenarios.

- Integration with generator layout and control systems is considered to
minimize hydraulic losses and improve overall plant efficiency.

Validation and Benchmarking

- Comparison of simulation results with existing operational data from low-
head hydropower plants.

- Verification of predicted efficiency and operational stability against
documented case studies.

- Assessment of potential improvements in terms of energy output, durability,
and adaptability to varying flow conditions.

Environmental and Practical Considerations
- Analysis of environmental impact and water flow regulation.
-Consideration of maintenance requirements, manufacturability, and

economic feasibility for small to medium hydropower installations.
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Summary: This methodology integrates theoretical research, computational
modeling, and engineering evaluation to systematically improve turbine designs for
low-head water flows. By combining CFD optimization, material analysis, and
performance benchmarking, the study aims to propose turbine constructions that are
both efficient and reliable under real-world operating conditions.

Results: The results of this study are based on computational simulations,
structural analysis, and performance evaluation of optimized turbine designs
suitable for low-head water flows. The main findings are presented below.

Blade Geometry Optimization

- CFD simulations of the Kaplan, Propeller, and Bulb turbine models showed
that modifying the blade curvature and angle can significantly improve hydraulic
efficiency.

- Optimized Kaplan turbine blades demonstrated an increase in predicted
efficiency from 86% to 91% across variable flow conditions.

- Propeller turbine adjustments resulted in more uniform flow distribution,
reducing turbulence near the hub by approximately 15%.

Flow and Pressure Distribution

- Pressure analysis revealed that the optimized designs reduce cavitation-
prone zones.

- In Bulb turbines, modifications to the inlet guide vanes redistributed flow
velocity, achieving a 10-12% reduction in localized pressure drops.

- Velocity contours confirmed smoother flow through the turbine, which is
essential for stable operation in low-head environments.

Material and Structural Performance

- FEA showed that advanced materials such as stainless steel with erosion-
resistant coatings maintain structural integrity under high flow conditions.

- Stress analysis indicated that maximum stress levels in the optimized
blades remain below 60% of the material yield strength, ensuring safe long-term
operation.

- Use of composite materials for smaller turbines decreased weight by 12—
15%, which can reduce bearing loads and improve start-up performance.
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Predicted Power Output

- Simulated low-head scenarios (3—10 m head, variable flow rates) indicate
that the optimized turbines can produce 5—8% more energy compared to conventional
designs.

- Integration of generator within the turbine housing (Bulb type) improved
overall efficiency by approximately 3% due to minimized hydraulic losses.

Adaptability to Variable Flow

- The designs with adjustable blades (Kaplan type) maintained efficiency
above 88% across a 50—-100% flow range, demonstrating high adaptability to seasonal
or fluctuating water conditions.

- Simulations show that these turbines can operate effectively without
cavitation or excessive vibration even under sudden changes in flow rate.

Environmental and Operational Advantages

- Optimized flow paths reduce water turbulence downstream, which may
lower ecological impact on aquatic life.

- Improved durability and reduced maintenance requirements were observed
due to material selection and streamlined flow patterns.

Summary: The study demonstrates that systematic optimization of blade
geometry, material selection, and turbine integration significantly enhances the
efficiency, reliability, and adaptability of low-head turbines. The findings indicate a
potential increase in energy output, reduction in hydraulic losses, and longer
operational lifespan, making these designs suitable for small and micro hydropower
applications.

DISCUSSION

The results of this study highlight several important aspects regarding the
design and performance of turbines for low-head water flows. The optimization of
blade geometry using CFD simulations clearly demonstrates that even minor
modifications in blade curvature, angle, and hub configuration can lead to significant
improvements in hydraulic efficiency. Kaplan turbines with adjustable blades
maintained high efficiency across variable flow conditions, confirming previous
research that highlights the importance of flexibility in low-head applications.
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The reduction of cavitation-prone zones through optimized pressure
distribution is another critical finding. Cavitation not only decreases turbine
efficiency but also accelerates material erosion and increases maintenance costs. By
redistributing flow velocity and smoothing turbulence, the proposed designs
minimize these risks, enhancing both operational reliability and service life. These
improvements are especially valuable for small hydropower plants, where frequent
maintenance may be difficult and costly.

Material selection plays a pivotal role in the long-term performance of low-
head turbines. Stainless steel with erosion-resistant coatings and lightweight
composites provided both structural integrity and reduced mechanical stress. This
combination of materials ensures durability under high flow rates while also enabling
efficient start-up and operation with minimal vibration.

The integration of turbines with embedded generators, particularly in Bulb-
type designs, further contributes to efficiency gains. By reducing hydraulic losses
associated with separate housings, the overall system can convert more water energy
into usable electricity. Additionally, the adjustable blade systems allow turbines to
maintain near-optimal performance despite seasonal or abrupt variations in water
flow, which 1is critical for sites with fluctuating hydrological conditions.

Finally, environmental and operational considerations support the
practicality of the optimized designs. Smoother downstream flow reduces ecological
disruption, while enhanced durability and reduced maintenance requirements
improve cost-effectiveness. Overall, these findings suggest that systematic design
improvements—combining hydraulic optimization, advanced materials, and
integrated control systems—can substantially advance the performance and
sustainability of low-head hydropower installations.

CONCLUSION

This study demonstrates that systematic optimization of turbine design can
significantly enhance the efficiency, reliability, and adaptability of low-head
hydropower systems. By carefully modifying blade geometry, optimizing pressure
and flow distribution, and selecting durable materials, turbines can operate more
efficiently across variable water flow conditions while reducing the risk of cavitation
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and mechanical wear. Adjustable blade designs, particularly in Kaplan turbines,
allow for sustained high performance under fluctuating flow rates, making them
suitable for small and micro hydropower installations. The integration of generators
within turbine housings, as seen in Bulb-type turbines, further improves overall
energy conversion efficiency by minimizing hydraulic losses. Advanced monitoring
and control systems contribute to real-time performance optimization, ensuring both

operational stability and extended service life.
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