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This paper presents a numerical investigation of the
velocity and pressure distribution of water flow through a
hydraulic sluice gate and its influence on the performance
of a Banki turbine used in micro-hydropower systems. The
study is based on the fundamental equations of fluid
mechanics, including the Bernoulli and Navier–Stokes
equations, and considers different flow regimes
characterized by the Reynolds number. Numerical
simulations were carried out using the SolidWorks Flow
Simulation module to analyze variations in flow velocity
and pressure under different gate opening conditions.
The results demonstrate an inverse relationship between
velocity and pressure, confirming the principle of energy
conservation in hydraulic flows. Regions of increased
velocity are accompanied by significant pressure reduction,
which may lead to cavitation under certain operating
conditions. In addition, the nonlinear behavior of turbulent
flow is revealed, indicating the necessity of numerical
modeling for accurate prediction of hydraulic parameters.
Furthermore, the study discusses the main hydraulic,
geometric, operational, and natural factors affecting the
efficiency of the Banki turbine. The rational selection of
turbine geometry, blade number, and inlet flow direction is
shown to reduce hydraulic losses and improve energy
conversion efficiency. The integration of flow modeling
with turbine performance analysis provides a scientific
basis for optimizing the design and operation of micro-
hydropower plants and contributes to the sustainable
utilization of small-scale hydropower resources.
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Introduction
The global demand for electrical energy continues to grow due to population increase,

industrial development, and the expansion of technological infrastructures. In this context,
renewable energy sources play a crucial role in ensuring sustainable development and
reducing environmental impacts. Among renewable sources, hydropower remains one of the
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most reliable and efficient technologies for electricity generation. In recent years, special
attention has been paid to micro-hydropower plants (micro-HPPs), which utilize small water
resources such as rivers, irrigation canals, and hydraulic structures.

A key challenge in micro-HPP design is the efficient utilization of water flow energy
under low-head and variable flow conditions. This requires a detailed understanding of
hydraulic processes, particularly the distribution of velocity and pressure in flow passages
and their interaction with turbine components. Hydraulic gates (sluice gates) are widely used
in water regulation systems and often serve as flow control elements in micro-HPPs. The flow
passing through such gates is characterized by complex velocity and pressure fields, which
significantly influence turbine performance and operational safety.

The Banki turbine (cross-flow turbine) is commonly applied in micro-HPPs due to its
simple construction, low cost, and adaptability to medium and low heads. However, its
efficiency strongly depends on hydraulic conditions, turbine geometry, blade configuration,
and flow direction. Therefore, combining flow modeling through hydraulic gates with an
analysis of Banki turbine efficiency factors represents an important research direction for
improving micro-HPP performance.

This study aims to investigate the velocity and pressure distribution of water flow
through a sluice gate using numerical simulation and to analyze the main factors affecting the
efficiency of Banki turbines. The integration of computational fluid dynamics (CFD) modeling
with turbine performance analysis provides a scientific basis for optimizing hydraulic and
mechanical parameters in micro-hydropower systems.
Theoretical Background

The motion of water in open channels and hydraulic structures is governed by the
fundamental laws of fluid mechanics. The Bernoulli equation expresses the conservation of
mechanical energy along a streamline:
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where � is pressure, � is velocity, � is fluid density, and � is elevation head. This equation
indicates an inverse relationship between velocity and pressure, which is particularly
important in regions where flow accelerates, such as under sluice gates.

For real viscous flows, the Navier–Stokes equations provide a more complete
description:
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where �is the dynamic viscosity of water. These equations account for inertial, pressure, and
viscous forces and are essential for modeling turbulent flow behavior.

The Reynolds number is used to characterize the flow regime:
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where �is the hydraulic diameter and �is the kinematic viscosity. In most hydraulic structures
and natural channels, Reynolds numbers are typically above 105 , indicating turbulent flow
conditions.

For Banki turbines, the hydraulic efficiency depends on the interaction between the
incoming jet and turbine blades. The optimal conversion of kinetic energy into mechanical
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rotation requires proper alignment of the jet with the blade curvature and appropriate
selection of blade number and turbine diameter.

Methodology
In this study, numerical simulations were carried out using the Flow Simulation module

of SolidWorks. A geometric model of a sluice gate was created, and water flow through the
gate opening was analyzed for different upstream head conditions. Boundary conditions were
defined by specifying inlet velocity and outlet pressure, while turbulence effects were
included using standard turbulence models available in the software.

The simulations focused on evaluating velocity and pressure distributions downstream
of the gate for different gate opening heights. These results were used to assess flow
acceleration zones, pressure drops, and potential cavitation regions. Cavitation risk was
estimated by comparing local pressure values with the vapor pressure of water.

In parallel, the performance of the Banki turbine was analyzed by considering the main
influencing factors, which can be grouped into four categories:

1. Hydraulic factors – water head, flow velocity, and flow direction at the turbine inlet.
2. Geometrical and конструктив factors – turbine diameter, blade width, blade

curvature, and number of blades.
3. Operational factors – maintenance conditions, bearing lubrication, and flow

regulation stability.
4. Natural factors – sediment concentration, debris, and biological elements such as fish

and aquatic plants.
Parametric studies were performed by varying the number of blades and the turbine

diameter to identify optimal configurations for given hydraulic conditions. The turbine
rotational speed and power output were estimated using standard hydropower equations:

� = �����
where �is discharge,�is head, and �is efficiency.
Results

The numerical simulations revealed that as the gate opening increases, flow velocity
downstream of the gate rises significantly, while static pressure decreases accordingly. This
confirms the theoretical inverse relationship between velocity and pressure predicted by the
Bernoulli equation. High-velocity zones were observed near the gate lip, accompanied by low-
pressure regions that may cause cavitation under certain conditions.

Figure. Relationship between gate opening, flow velocity, and pressure



INTERNATIONAL CONFERENCE ON
ENGINEERING & TECHNOLOGY

Hosted from Singapore

49

The flow field exhibited nonlinear behavior, with turbulence intensity increasing as the
gate opening and flow rate increased. This indicates that simple analytical models are
insufficient for accurately predicting flow characteristics in such configurations, and
numerical modeling is necessary for reliable design.

The analysis of the Banki turbine showed that turbine efficiency is highly sensitive to
blade number and flow alignment. A low number of blades leads to incomplete energy
extraction, whereas an excessive number of blades increases hydraulic resistance and
mechanical losses. Simulation results indicated that an intermediate blade number provides
the best compromise between energy capture and flow resistance.

Hydraulic factors, particularly inlet velocity and jet angle, were found to be dominant in
determining turbine performance. Improper alignment of the jet with turbine blades resulted
in flow separation and energy losses. конструктив optimization of blade curvature and
spacing improved the effective use of kinetic energy.

Natural factors such as sediments and debris were identified as significant contributors
to performance degradation and mechanical wear. Protective measures such as trash racks
and sediment filters were shown to be necessary for long-term operation.
Discussion

The combined analysis of sluice gate flow and Banki turbine performance demonstrates
the importance of integrated design in micro-HPP systems. Flow conditions created by
hydraulic gates directly influence turbine efficiency and operational safety. If gate geometry
and opening are not properly selected, unfavorable velocity and pressure distributions may
occur, leading to increased cavitation risk and reduced turbine lifespan.

The results highlight the advantage of numerical simulation tools in predicting complex
hydraulic phenomena. CFD modeling allows designers to visualize flow patterns, identify
critical regions, and test different configurations without costly experimental setups. This
approach supports the development of optimized turbine designs adapted to specific site
conditions.

Moreover, the study confirms that turbine efficiency cannot be maximized solely by
increasing flow rate or head. Instead, an optimal balance between hydraulic, mechanical, and
operational parameters must be achieved. This aligns with modern engineering principles
emphasizing system-level optimization rather than isolated component improvement.

From an environmental perspective, the use of Banki turbines in micro-HPPs offers a
relatively low-impact solution compared to large dams. However, attention must be paid to
fish protection and sediment management to ensure ecological compatibility.
Conclusion

This study demonstrates that numerical modeling of water flow through hydraulic gates
combined with an analysis of Banki turbine efficiency factors provides a comprehensive
framework for optimizing micro-hydropower systems. The simulations confirmed the inverse
relationship between velocity and pressure, revealed nonlinear turbulent flow behavior, and
identified potential cavitation zones.

The performance of Banki turbines was shown to depend strongly on hydraulic
conditions, turbine geometry, and blade configuration. By selecting optimal parameters such
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as blade number, turbine diameter, and flow direction, hydraulic losses can be minimized and
energy conversion efficiency improved.
The integration of CFD-based flow analysis with turbine performance evaluation supports the
development of reliable and efficient engineering solutions for micro-HPPs. These findings
contribute to the sustainable utilization of small-scale hydropower resources and provide
practical guidance for the design and operation of micro-hydropower installations.
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