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reduces turbine performance. This study aims to analyze the
effect of the spiral casing design on the distribution of pressure,
velocity, and flow patterns using the Computational Fluid
Dynamics numerical simulation method with ANSYS Fluent
software. The method used is the Research and Development
approach with two variations of the spiral casing design,
namely the 2538 mm inlet design and the 2600 mm inlet
design. Simulations were conducted to compare the
distribution of pressure, velocity, and streamline patterns in
each design. The results showed that the modified design was
able to improve flow distribution, reduce turbulent zones, and
produce more even pressure and velocity.

1. Introduction

Indonesia's electricity demand continues to increase in line with population growth and industrial
development. Reports indicate that global electricity consumption will increase by 4.3% by 2024 (International
Energy Agency, 2025). For the past few decades, fossil fuel-based power plants, such as coal and natural gas,
have dominated electricity systems in various countries (Haegel & Kurtz, 2025; Igbeghe et al.,, 2023; Logan et
al,, 2020). This situation has encouraged many countries, including Indonesia, to switch to renewable energy
as a more environmentally friendly and sustainable solution. Indonesia has enormous potential for renewable
energy development, with a total capacity of 419 GW, of which 75 GW comes from hydropower (Pambudi et al,,
2023). In the National Energy General Plan (RUEN), the government targets the use of new and renewable
energy (EBT) of 23% by 2025 (Pambudi et al., 2023 & Junihartomo et al,, 2025). One form of implementation
of this target is the development of small-scale hydroelectric power plants (PLTA), such as the Wonorejo PLTA
in Tulungagung, East Java, which has a capacity of 6.5 MW and uses a Francis water turbine(Mujiburrakhman
etal, 2024).

1.1 Literature Review
The Francis turbine is a type of reaction turbine widely used in Indonesia because it is suitable for medium
head conditions, namely around 40-400 meters (Dahal et al,, 2019; Tomczyk et al., 2023; Umar et al,, 2024).
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One of the important components of this turbine is the spiral casing, a circular channel that is responsible for
distributing water flow evenly to the guide vanes. The efficiency of the turbine system is greatly influenced by
the performance of the spiral casing in maintaining stable pressure and flow velocity before reaching the
runner (Nakkina et al., 2016; Lazarevikj & Markov, 2022; Hariadi et al., 2021; Shrestha & Choi, 2020).

Its complex design requires highly precise hydraulic calculations, as even small errors can lead to uneven flow
distribution (Luo et al., 2024 & Dahal et al., 2019). Uneven flow distribution can cause turbulence, vibration,
and reduced system efficiency (B. Umar & Huang, 2024 & Wafo et al., 2024). Furthermore, spiral casings are
generally designed for stable flow conditions (Shrestha & Choi, 2020a). In reality, flow fluctuations, particularly
during the dry season, can lead to decreased flow distribution performance. This phenomenon was observed
at the Wonorejo Hydroelectric Power Plant, where the flow decreased drastically to an average of 3.48 m3/s
during the dry season, compared to a maximum flow of 10.54 m3/s. This forces the guide vanes to operate in
the fully open position to maintain a stable turbine speed of 500 rpm, which impacts efficiency and equipment
life. Previous studies were generally conducted under constant flow conditions in the laboratory. Designed a
spiral casing for microhydro applications and concluded that the casing geometry significantly influences the
pressure distribution pattern. Research by Wafo et al. (2024) on a hydroelectric power plant in Cameroon
showed that low-pressure zones due to uneven distribution can trigger cavitation. Meanwhile, (Umar & Huang,
2024)) proved that the flow in the casing becomes unstable at partial loads, especially under low flow
conditions.

Few studies have specifically analyzed the performance of spiral casings in Francis turbines under low flow
conditions in the field using numerical methods. However, Computational Fluid Dynamics (CFD)-based
simulations allow for more detailed and efficient flow visualization than physical experiments. Several studies,
such as those by Dumitrache & Deleanu (2022) and Tiwari et al. (2022), have shown that CFD is effective in
mapping fluid pressure and velocity distributions in turbine designs. This study aims to analyze the effect of
changes in the spiral casing design on pressure distribution, flow velocity, and streamline patterns using CFD
simulations with ANSYS Fluent software. Two models are compared, namely the original spiral casing design
with an inlet diameter of 2538 mm and a modified design with a diameter of 2600 mm. Through this study, it
is expected to obtain a design solution that is more responsive to seasonal discharge fluctuations and is able to
increase the efficiency of the water turbine system as a whole.

2. Research Methods

In this section, each researcher is expected to be able to make the most recent contribution related to the
solution to the existing problems. Researchers can also use images, diagrams and flowcharts to explain the
solutions to these problems.

This research uses a Research and Development (R&D) approach, utilizing Computational Fluid Dynamics
(CFD)-based numerical simulation methods to evaluate the performance of two spiral casing designs in a
Francis turbine (Li et al., 2025). The simulations were conducted using ANSYS Fluent software, which allows
for three-dimensional modeling of fluid flow phenomena.

Geometry Design and Modeling two spiral casing models were analyzed

I

A

Fig 1. Design Geometry a) Modified Inlet diameter: 2600 mm b) Geometry Inlet diameter: 2538 mm
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The spiral casing geometry was created using Autodesk Inventor Pro 2019 based on the technical parameters
of the Wonorejo hydropower plant. The 3D modeling focused on the spiral casing, omitting the runner and draft
tube to simplify the simulation domain.

Fig 2. Spiral casing geometry
Mesh and Simulation Domain Creation

The meshing process was performed in the ANSYS Meshing module with a 50 mm element size and tetrahedral
element type, resulting in approximately 1.2 million elements. Refinement was performed in the inlet area and
near the guide vane to capture high flow gradients.

Fig 3. Meshing 50 mm
Boundary Conditions and Simulation Parameters

The numerical simulations in this study were conducted using ANSYS Fluent software to analyze the water flow
behavior within the spiral casing of the Francis turbine. The flow was modeled as turbulent to accurately
represent the actual operating conditions of the hydropower plant. The realizable k-¢ turbulence model was
employed due to its proven numerical stability and reliability in simulating internal flow characteristics, as
recommended by Shrestha and Choi (2020). The inlet boundary condition was defined based on measured
discharge data from the Wonorejo Hydroelectric Power Plant, representing dry-season operating conditions
with flow rates ranging from 3.48 m3/s to 10.54 m3/s. These values were selected to capture the effects of
seasonal discharge variations on the spiral casing performance.

Observed Variables

The analysis focused on three primary flow parameters to evaluate the hydraulic performance of the spiral
casing. These parameters included pressure distribution, velocity distribution, and flow patterns within the
casing. Pressure distribution was examined to assess flow uniformity and potential low-pressure zones that
could affect turbine efficiency and cavitation risk. Velocity distribution was analyzed to understand the
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acceleration and deceleration of the flow before entering the guide vanes. Additionally, streamline patterns
were investigated to visualize flow behavior and identify regions of turbulence, recirculation, or flow
separation.

Data Analysis

The simulation results were analyzed qualitatively and quantitatively using contour plots and streamline
visualizations generated in ANSYS Fluent. Pressure and velocity contours were used to evaluate spatial
variations throughout the spiral casing, while streamline plots provided insight into the overall flow structure
and stability under different discharge conditions. This visualization-based approach enabled a clear
interpretation of how changes in the spiral casing design influence flow distribution and hydraulic
performance.

3. Result and Discussion

In this study, all modeling and simulation parameters were kept uniform, except for the variation in the spiral
casing design, namely the difference in inlet size. Before analyzing the pressure distribution, flow velocity, and
streamline patterns between designs, the flow distribution visualization results for each spiral casing model
were first reviewed. Fig. 4 displays the results of numerical simulations of several design variations analyzed.

Analysis Pressure Distribution
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Fig 4. 2D Geometry Pressure Contour 1

The pressure contour visualization in Fig. 4 the 2D pressure contour of geometry 1 shows a fairly even pressure
distribution along the spiral casing. The highest distributed pressure value was recorded at 158.7 Pa stably on
the inlet side and decreased gradually towards the guide vane. This indicates that the design of geometry 1 is
able to direct water flow with controlled and efficient pressure. This can be seen in Fig. 1 the pressure contour
graph of geometry 1 below.
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Fig 5. Geometric Pressure Contour 1
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The following are the average stress values at several observation points in Geometry design 1:

Table 1. Pressure Estimates at Three Observation Points

Observation PointPressure (Pa)
Inlet 158,7
Center Spiral 130,2
Near Guide Vane 110,6

Table 1 presents the average pressure values at three observation points in the spiral casing of Geometry 1
based on the CFD simulation results. The highest pressure was detected at the inlet with a value of 158.7 Pa,
indicating the concentration of fluid energy when it first enters the casing. Subsequently, the pressure gradually
decreases to 130.2 Pa at the center of the spiral, and reaches 110.6 Pa near the guide vane. This pressure drop
pattern is gradual and relatively stable, indicating that the Geometry 1 design is able to distribute pressure
evenly along the casing. This distribution supports flow stability and minimizes the potential for sharp pressure
gradients that can cause flow disturbances such as turbulence or cavitation.

Fig 6. 2D Geometry Pressure Contour 2

Meanwhile, the pressure contour visualization in Fig. 6 for Geometry 2 shows an uneven pressure distribution
along the spiral casing. The highest pressure value recorded was 147 Pa and tended to accumulate on the inlet
side, then decreased sharply towards the guide vane. This pattern indicates that the Geometry 2 design is not
yet able to direct water flow efficiently with controlled pressure. This can be seen in Fig. 7. The pressure
contour graph for Geometry 2 is shown in the following figure.
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Fig 7. Geometric Pressure Contour 1
The following are the average stress values at several observation points in Geometry design 2:

Table 2. Pressure Estimates at Three Observation Points

Observation PointPressure (Pa)
Inlet 147,4
Center Spiral 118,9
Near Guide Vane 95,2
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Table 2 presents the average pressure values at three strategic points in the spiral casing of Geometry 2, the
original spiral casing design. The highest pressure was recorded at 147.4 Pa at the inlet point, then decreased
to 118.9 Pa at the center of the spiral, and reached 95.2 Pa near the guide vane. The sharp pressure drop from
the inlet to the guide vane indicates that the pressure distribution in Geometry 2 is not as optimal as in
Geometry 1. A large pressure gradient can cause flow imbalance, increase the potential for turbulence
formation, and reduce the efficiency of fluid flow to the turbine runner. This uneven pressure distribution
pattern indicates that the Geometry 2 design still has limitations in directing water flow stably and efficiently
along the spiral casing (Altimemy et al.,, 2019; Krzemianowski & Steller, 2021; Yang et al., 2023).

Based on the CFD simulation results, a significant performance difference is seen between Geometry 1
(modified) and Geometry 2 (original) in terms of pressure distribution, velocity, and flow pattern (streamline).
In terms of pressure, Geometry 1 shows a more stable and even distribution, with a maximum pressure of 158.7
Pa at the inlet and a gradual decrease up to the guide vane. In contrast, Geometry 2 recorded a maximum
pressure of 147.4 Pa with a sharper decrease, indicating a less controlled high pressure gradient. This even
pressure distribution is in accordance with the findings of Qin et al. (2025) who stated that an optimally
designed spiral casing is able to produce a more even pressure distribution and high flow efficiency.

Analysis Speed Distribution

The velocity contour visualization in Fig. 8 shows a fairly even velocity distribution pattern along the spiral
casing for the Geometry 1 design. The highest velocity value recorded was 19.6 m/s and was distributed stably
on the inlet side, then decreased gradually towards the guide vane. This pattern indicates that Geometry 1 is
able to direct the water flow at a controlled and efficient speed. Details of the speed at several observation
points can be seen in Fig. 9. The velocity contour graph of Geometry 1 is in Fig. 8.
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Fig 8. 2D Geometry Velocity Contour 1
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Fig 9. Geometric speed range 1
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The average speed values at several observation points in Geometry Design 1 are shown in the following table:

Table 3. Estimated Speed at Three Observation Points 1

Observation PointSpeed (m/s)

Inlet 1.96

Center Spiral 7.84

Near Guide Vane [13.7

Table 3. above shows the average fluid velocity values at three observation points within the spiral casing. At
the inlet point, the fluid velocity starts at 1.96 m/s, reflecting the initial flow into the casing. Interestingly, the
velocity actually increases as the flow moves toward the guide vanes, with a value of 7.84 m/s at the center of
the spiral, and reaching 13.7 m/s near the guide vanes. This pattern of increasing velocity indicates that the
spiral casing design successfully accelerates the flow gradually and directionally toward the guide vanes. This
is very advantageous in hydropower systems because the fluid's kinetic energy increases in the critical area,
namely before entering the turbine runner. This uniformly accelerated flow contributes to hydraulic efficiency
and reduces the potential for vortex formation along the casing.

Fig 10. 2D Geometry Velocity Contour 2

Meanwhile, the velocity contours of the simulation results for Geometry 2 show an uneven flow distribution
pattern from the inlet to the guide vane. The maximum velocity recorded was 17.8 m/s at the inlet area, but
there was a sharp and unstable decrease along the spiral casing. In the center of the casing, the velocity
distribution appears asymmetrical and indicates flow disturbances in the form of stagnation zones or low-
velocity areas. This irregularity in the velocity pattern indicates that Geometry 2 is not yet able to efficiently
direct the water flow to the guide vane. This uneven distribution of kinetic energy can cause flow imbalance,
increase local turbulence, and reduce the overall hydraulic efficiency of the turbine system. This can be seen in
Fig. 10. The velocity contour graph for Geometry 2 is shown in the following figure.
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Fig 11. Geometric speed range 2
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The average speed values at several observation points in Geometry Design 2 are shown in the following table:

Table 3. Estimated Speed at Three Observation Points 2

Observation PointSpeed (m/s)

Inlet 1.6

Center Spiral 6.5

Near Guide Vane [11.4

The average fluid velocity values at three observation points in the spiral casing of Geometry 2 are shown in
Table 3. At the inlet, the velocity was recorded at 1.6 m/s, increasing to 6.5 m/s in the center of the spiral, and
reaching 11.4 m/s near the guide vane. Despite this increase, the velocity distribution pattern indicates a
tendency for uneven flow. The relatively low initial velocity value at the inlet indicates the potential for the
formation of a stagnation zone or slow flow that could cause disturbances upstream of the spiral casing.
Furthermore, the significant velocity jump from the inlet to the downstream indicates a sharp velocity gradient,
which could lead to an imbalance in the distribution of kinetic energy (Abu & Kim, 2024; Showkat et al., 2025).
This pattern supports the previous visual findings of the velocity contours that Geometry 2 has less efficient
flow performance and tends to produce local turbulence that is detrimental to turbine efficiency.

In terms of velocity, Geometry 1 recorded a gradual and consistent flow, from 19.6 m/s at the inletto 12.2 m/s
near the guide vane, indicating better flow stability and kinetic energy control. Meanwhile, Geometry 2 showed
an uneven and less symmetrical velocity distribution pattern, from 17.8 m/s to 9.7 m/s. This indicates the
potential for flow imbalance and the formation of local turbulence. Wang et al. (2025) stated that small changes
in the spiral casing design can significantly affect the direction and stability of the flow, even if the changes are
not statistically significant.

Analysis Polar Streamline

The simulation results in Fig 12. show that the streamline pattern in Geometry 1 has stable and symmetrical
flow characteristics from the inlet to the guide vane. The streamlines follow the spiral shape of the casing
tangentially without any major disturbances, such as eddies or stagnation zones. This pattern distributes fluid
flow efficiently throughout the circumference of the casing, ensuring that each guide vane receives an even
fluid supply. This good flow distribution reflects the design capability of Geometry 1 in maintaining flow
stability, as well as reducing the potential for vortex formation or turbulence that can reduce system efficiency.
This stability also supports the process of converting energy from pressure to kinetic energy more effectively.
This can be seen in Table 8. The pressure contour graph of Geometry 2 is shown in Fig 1.
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Fig 12. Streamline Geometry 1
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Fig 13. Streamline Geometry 1

Fig. 13 Geometry 1's streamline graph shows a smooth and consistent decrease in value from 19.6 to 0.01,
indicating stable and efficient fluid flow along the casing spiral. The streamlines follow the casing contour
without significant disruption, indicating symmetrical flow distribution and minimal turbulence. This reflects
good hydraulic performance and design efficiency in optimally directing flow toward the guide vane.

Meanwhile, the streamline pattern simulated for Geometry 2 shows uneven flow distribution from the inlet to
the guide vanes. Although the flow appears quite controlled at the inlet, irregularities begin to appear along the
spiral casing, particularly in the center. The streamlines do not completely follow the tangential contour of the
spiral, and there is even a tendency for small eddies to form and deviations in flow direction. This pattern
indicates that Geometry 2 is not yet able to efficiently direct the water flow to the guide vanes. This uneven
flow distribution can cause pressure imbalances, local turbulence, and reduce the overall hydraulic efficiency
of the turbine system. This is shown in Fig. 15. A visualization of the streamline pattern for Geometry 2 is shown
in the following fig. 14.
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Fig 14. Streamline Geometry 2
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Fig 15. Streamline Geometry 2

Visualization of the streamline pattern also reinforces the advantages of Geometry 1. The fluid flow lines follow
the spiral contour of the casing tangentially and are well-distributed without any eddies or stagnant zones. In
contrast, Geometry 2 exhibits a divergent flow pattern and forms areas with potential vortices. This is in line
with the view of Sudsuansee et al. (2025) and Lee et al. (2025) who stated that suboptimal casing design can
cause flow deviations and increase potential energy losses. Technically, Geometry 1 showed better
performance, with stable flow, uniform pressure, and efficient flow direction. This statistical insignificance can
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be attributed to the relatively small size of the geometric differences, especially in the inlet dimensions.
Although the statistical results were not significant, Geometry 1 was visually and technically proven to be
superior in terms of pressure distribution, flow velocity, and streamline stability, which contributed to the
hydraulic efficiency of the Francis turbine system.

There is no fixed recipe for presenting the findings of a study. We will, therefore, first consider general
guidelines and then turn our attention to options for reporting descriptive statistics and the results of the
hypothesis test.

4. Conclusions

Based on the results of research that has been conducted through modeling and numerical simulation using
the Computational Fluid Dynamics (CFD) method on two Francis turbine spiral casing designs. The spiral casing
design with an inlet size enlarged to 2.6 cm in Geometry 1 produces a more even pressure distribution along
the casing path. The maximum pressure achieved is 150.7 Pa higher than Geometry 2, the maximum pressure
achieved is 144.0 Pa, and the decrease is more stable, without any extreme pressure spikes. Changes in the
spiral casing design affect the water flow pattern (streamline). Geometry 1 displays a more regular,
symmetrical, and non-vortex flow pattern, while Geometry 2 shows flow irregularities and recirculation in
several areas. Showing that the Geometrys 1 design is more optimal in directing the flow towards the turbine
runner. 3. Geometry 1 provides a more even flow distribution than Geometry 2. It can be seen from the more
stable flow, more balanced pressure and speed, and the flow pattern that follows the spiral casing shape well.
Therefore, Geometry 1 is considered more efficient and suitable for use in low water discharge conditions.
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