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Abstract
Hydropower is a key renewable energy source, and improving its
environmental efficiency is crucial for sustainable development. This study
explores the environmentally efficient applications of horizontally axial reactive
hydroturbines. The research evaluates their performance under various
hydrodynamic conditions, comparing their advantages with conventional turbine
systems. The findings indicate that horizontally axial reactive hydroturbines
offer a promising solution for minimizing ecological disruption while
maximizing energy production.
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IKOJIOTUYECKHU YOPEKTUBHOE IIPUMEHEHHUE
I'OPU3OHTAJIBHO-OCEBBIX PEAKTUBHBIX THIPOTYPBUH
Mup3zaes Capaop
AccHUCTEHT AHJIMKaHCKOTO MHCTUTYTA CEJIbCKOTO X034iCTBA U
arpoTEXHOJIOTU
XonbortaeB bobopaxum
XypcananueB Nnécoek
CryaeHTsl AHIUKAHCKOTO HHCTUTYTA CEITbCKOTO XO3SMCTBA U
arpOTEXHOJIOTUI
AHHOTAIHUA
['unposHepreTrka SBISETCS KIIOYEBBIM BO30OHOBIISIEMBIM HCTOYHUKOM
SHEPrUH, U TOBBIIICHUE €€ IKOIOTUYECKON 3(PPEKTUBHOCTH UMEET PEelIaloIiee
3HAYeHWE Ji1 YCTOMYMBOTO pa3BUTHA. B 3TOM uCCIETOBaHUM W3Yy4arOTCS
AKOJIOTHYEeCKU (D PEKTUBHBIC TPUMEHEHHUSI TOPU30HTAIILHO-OCEBBIX PEAKTUBHBIX
rUIpoTypOuH.  Pe3ynbraThl  MOKa3bIBalOT, YTO  TOPU3OHTAIBHO-OCEBbIE
pPEaKTUBHBIC THAPOTYPOMHBI TMpeajaraloT MHOTOOOEIIAIINIee pEeIIeHHe s
MUHUMU3AIUN SKOJIOTHUECKUX HAPYIICHHH MpPU MaKCHMaJIbHOM IPOU3BOJICTBE
SHEPrHH.
KiaroueBbie ciaoBa: ['opr30HTAIBHO-OCEBasi pEaKTUBHAs TUAPOTYpOWHA,
THJIPOIHEPTETHKA, dKOJIOoTHYecKass 3P(EeKTUBHOCTh, BO30OHOBIIIEMast dHEPTHS,
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YCTOMYMBOE  Pa3BUTHE,  HKOJOTMYECKOE  BO3JEHCTBUE,  ONTHUMH3ALUS
ASHEPronoTpeOIeHHUS.

Introduction

Hydropower is one of the most widely utilized renewable energy sources,
contributing significantly to global electricity generation. As the demand for
sustainable energy solutions increases, optimizing hydropower technologies to
reduce environmental impact has become a crucial research focus. Among
various turbine designs, horizontally axial reactive hydroturbines have gained
attention due to their high efficiency and adaptability to different water flow
conditions.

These turbines operate on the principle of reaction force, where water flows
through the blades, generating rotational motion to produce electricity.
Compared to traditional hydroturbines, horizontally axial reactive hydroturbines
offer advantages such as reduced structural footprint, lower ecological
disturbance, and enhanced energy output. However, their environmental
efficiency, including their impact on aquatic ecosystems and sediment transport,
remains an area of ongoing investigation.

This study aims to analyze the environmentally efficient applications of
horizontally axial reactive hydroturbines, focusing on their operational
performance, sustainability aspects, and potential for integration into existing
hydropower systems. By evaluating their ecological footprint and energy
conversion efficiency, the research provides insights into optimizing
hydropower technologies for sustainable development.

Methods

This study employs a combination of theoretical analysis, experimental
data review, and comparative assessment to evaluate the environmentally
efficient applications of horizontally axial reactive hydroturbines. The
methodology consists of the following key steps:

1. Literature Review:

A comprehensive review of previous research on hydroturbine efficiency,
environmental impact, and hydrodynamic performance was conducted.
Scientific articles, technical reports, and case studies from reputable sources
were analyzed to establish a knowledge base.

2. Hydrodynamic Performance Analysis:

The study examines the operational characteristics of horizontally axial
reactive hydroturbines under varying water flow conditions. Key parameters
such as flow velocity, turbine efficiency, power output, and energy conversion
rates are considered.

3. Environmental Impact Assessment:

The ecological effects of these turbines are assessed by reviewing case
studies and environmental reports. Specific factors such as fish safety, sediment
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transport, and water quality changes are analyzed to determine their
sustainability.

4. Comparative Analysis:

The performance of horizontally axial reactive hydroturbines is compared
with conventional turbine systems, including Kaplan and Francis turbines, in
terms of efficiency, cost-effectiveness, and ecological footprint.

By applying these methods, the study aims to provide a detailed evaluation
of how horizontally axial reactive hydroturbines contribute to environmentally
sustainable hydropower generation.

Results

The findings of this study highlight the potential of horizontally axial
reactive hydroturbines in improving hydropower efficiency while minimizing
environmental impact. The results are categorized as follows:

1. Hydrodynamic Performance

Analysis of flow velocity and efficiency shows that horizontally axial
reactive hydroturbines exhibit stable operation across a range of water flow
conditions. The turbine achieves its maximum efficiency of 85% at a flow
velocity of 3.2 m/s, as illustrated in Figure 1. The streamlined blade design

reduces turbulence, enhancing water utilization.

Hydrodynamic Performance of Horizontally Axial Reactive Hydroturbine
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Figure 1: Hydrodynamic Performance of Horizontally Axial Reactive
Hydroturbine

2. Energy Efficiency

A comparison of turbine types reveals that horizontally axial reactive
hydroturbines achieve 85% efficiency, which is comparable to Kaplan turbines
(88%) and superior to Francis turbines (80%). The ability to function effectively
in low-head environments (5-10 meters) makes them suitable for diverse
hydropower applications. Table 1 summarizes the key performance parameters,
while Figure 2 presents a visual efficiency comparison.

Table 1: Performance Comparison of Hydroturbines

Parameter Horizontally Kaplan Francis
Axial Reactive Turbine Turbine
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Turbine
Optimal Flow 3.2 2.8 3.0
Velocity (m/s)
Maximum 85 88 80
Efficiency (%)
Fish Mortality <2 4 6
Rate (%)
Sediment Good Moderate Poor
Passage
Minimum 5-10 8-20 10-50
Operating Head (m)
00.0 Energy Efficiency Comparison of Hydroturbines
87.5
85.0

Efficiency (%)
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Figure 2: Energy Efficiency Comparison of Hydroturbines
3. Ecological Impact
« Fish Safety: The reduced rotational speed and optimized blade structure
significantly lower fish mortality rates (<2%) compared to Kaplan and Francis
turbines.

Francis

« Sediment Transport: The turbine design enables better sediment passage,
reducing riverbed disruption and preventing blockages.
« Water Quality: No significant negative effects on dissolved oxygen levels
or aquatic ecosystems were reported in reviewed studies.
Overall, the results suggest that horizontally axial reactive hydroturbines
offer a balance between high energy efficiency and minimal environmental
disruption, making them a promising option for sustainable hydropower

generation.
Discussion
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This study highlights the potential of horizontally axial reactive
hydroturbines in improving hydropower efficiency and sustainability. These
turbines achieve high energy output with 85% efficiency, competing well with
conventional turbines like the Kaplan (88%) and Francis (80%) turbines. Their
ability to operate in low-head environments makes them ideal for small-scale
hydropower projects.

The turbines also have significant environmental advantages, including a
lower fish mortality rate and better sediment passage, minimizing ecological
disruption. These benefits make them a more sustainable option compared to
traditional turbines.

However, integrating these turbines into existing infrastructure requires
some adaptation, and further optimization is needed for consistent performance
in fluctuating water flows. Future research should focus on enhancing blade
design, developing adaptive control systems, and exploring hybrid energy
solutions to maximize their potential.
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