
WARSAW UNIVERSITY OF TECHNOLOGY Index 351733

FACULTY OF CIVIL ENGINEERING
COMMITTEE FOR CIVIL AND WATER ENGINEERING

POLISH ACADEMY OF SCIENCES ISSN 1230-2945

DOI: 10.24425/ace.2026.1392

ARCHIVES OF CIVIL ENGINEERING

Vol. LXXII ISSUE 3 2026
© 2026. Piotr Kędziorski, Jacek Katzer, Paweł Tysiąc, Marcin Jagoda. pp. 317 –333
This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(CC BY-NC-ND 4.0, https://creativecommons.org/licenses/by-nc-nd/4.0/), which permits use, distribution, and reproduction in any
medium, provided that the Article is properly cited, the use is non-commercial, and no modifications or adaptations are made.

Case study

A case study of terrestrial laser scanning as a data source
for 3D modeling for water flow analysis in a small

hydropower plant

Piotr Kędziorski1, Jacek Katzer2, Paweł Tysiąc3, Marcin Jagoda4

Abstract: The article proposes a methodology for measuring and processing results, integrating data
obtained from Terrestrial Laser Scanning (TLS) with Computational Fluid Dynamics (CFD) analyses, aimed
at evaluating water flow conditions in a real-world Small Hydropower Plant (SHP) system. Based on TLS
data, a detailed 3D model of the SHP (located in Koszalin, Poland) geometry was developed, which was
used to conduct a series of numerical simulations in ANSYS Fluent. The analyses covered six water flow
variants, including simulated scenarios accounting for different widths of potential dam leakages. The results
confirmed that using TLS data as the basis for the geometric model enables the investigation of actual water
flow in the hydropower system. The developed 3D SHP model achieved an accuracy of ±0.02 m relative to
the acquired point cloud, and the analyses performed based on it allowed for the evaluation of water flow in
the system. The study showed that, in the case of a sealed intake chamber, outlet number 2 handles the largest
water mass, accounting for 39.2% of the total flow, while outlets number 1 and 3 account for 33.9% and
26.9%, respectively. The proposed use of TLS data for 3D modeling for water flow analyses in SHP systems
highlights the significant potential of integrating TLS and CFD as a widely applicable engineering tool.
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1. Introduction

Small Hydropower Plants (SHPs) are a key component of sustainable energy systems,
particularly in the context of local utilization of renewable energy sources [1, 2]. Due to
their lower environmental impact and the ability to be located within existing hydrotechnical
structures, historic facilities such as water mills, weirs, or dams are increasingly being adapted
to serve as SHPs [3]. The efficiency and safety of their operation depend on the precise
mapping of water flow conditions and the analysis of the system’s structural components [4–6].
Modern measurement technologies, such as Terrestrial Laser Scanning (TLS), can provide
comprehensive information about the geometry of such structures. In recent years, there has
been a dynamic increase in the use of TLS for documenting hydrotechnical facilities [7–9]. This
technology enables rapid and precise acquisition of three-dimensional spatial data regarding
the geometry of dams, pipelines, technical equipment, and surrounding terrain [10, 11]. With
its high resolution and point cloud density, TLS facilitates the creation of detailed 3D models,
which are applied not only in object inventory but also in various technical and engineering
analyses. Previous studies have primarily focused on the assessing the geometry of structures,
analyzing deformations, subsidence, and other parameters directly related to the technical
condition of hydrotechnical facilities [7,9,12–18]. For example, Dreier et al. [19] demonstrated
the potential of using unmanned aerial vehicles (UAVs) equipped with LiDAR scanners as an
alternative to terrestrial measurements. Meanwhile, Kang et al. [20] presented an integrated
approach combining UAV and TLS data to assess the technical condition of a dam. In the work
of Xu et al. [21], a NURBS surface model was developed based on TLS data, showing that
this technology can be used to study the stability and deformation of hydrotechnical structures
using precise geometric models.

Three-dimensional spatial models are a valuable source of information for technical analyses
of hydrotechnical structures. One of the tools supporting such analyses is Computational
Fluid Dynamics (CFD), which is used to model water flows in complex structural systems.
CFD methods are widely applied in studies of dams, channels, pipelines, and water turbines,
enabling the simulation of velocity distributions, pressure, streamlines, and other hydrodynamic
parameters without the need for costly physical experiments [22, 23]. In engineering practice,
these analyses are often based on simplified design models or technical documentation, which
can limit the accuracy of representing actual geometric and flow conditions [23–29]. This
creates a research gap, particularly regarding the use of data obtained from terrestrial laser
scanning as a direct source of geometric information for numerical water flow analyses in
hydrotechnical structures [30, 31]. Previous studies have primarily focused on using TLS
for inventory purposes, deformation monitoring, or assessing the technical condition of
hydrological structures, but they have not addressed the integration of this data with CFD to
model water flows in the actual geometry of hydrotechnical facilities.

The aim of this study is to develop a three-dimensional geometric model of a SHP,
including its hydraulic system, based on TLS data, and to conduct CFD numerical analyses to
determine the distribution of velocity and water flow under operational conditions, as well
as in scenarios involving dam leakages. The proposed approach, combining real geometry
with numerical simulation, enables a more accurate assessment of hydrodynamic conditions,



A CASE STUDY OF TERRESTRIAL LASER SCANNING AS A DATA SOURCE . . . 319

identification of potential energy losses, and structural irregularities in the hydrotechnical
facility. The presented solution can be applied in technical diagnostics, planning modernization,
and designing hydrotechnical structures, while also demonstrating the potential for integrating
geodetic measurement techniques with computational engineering tools.

2. SHP chosen for scanning
The subject of the study is an SHP located in Koszalin, Poland, at the site of a former water

mill. The location of the facility is shown in Fig. 1.

Fig. 1. Location of the SHP

The history of the facility dates back to 1266, when the first mill structures were established.
The current form of the complex was shaped between 1838 and 1842, when a water mill was
constructed on the site of the earlier structure based on a design by Krahn. In 1878, the mill
was equipped with a water turbine. At the beginning of the 20th century, plans were made to
adapt it for electricity production, which was realized in 1924. After World War II, between
1945 and 1946, the mill’s equipment was dismantled, and in the following years, the building
served as a warehouse. Currently, the former mill houses the District Museum, while the
dam has been adapted for the purposes of the Small Hydropower Plant. The SHP is equipped
with three pump-turbines, each with a capacity of 45 kW, operating at an average flow rate of
approximately 1 m3/s and a water head of 6 meters [32–34].

3. Measurement method
The SHP was surveyed using the Z+F Imager 5016 terrestrial laser scanner from Zoller

& Fröhlich (Wangen im Allgäu, Germany). The device is a phase- based scanner capable
of recording point clouds at ranges from 0.3 m to 365 m. The operational range depends on
surface reflectivity and atmospheric conditions. The maximum data acquisition speed is 1.1
million points per second. The distance measurement accuracy is ≤ 1 mm±10 ppm/m. The
angular resolution can reach 0.00018°, resulting in high data density when scanning from
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short distances. The horizontal field of view is 360°, and the vertical field of view is 320°.
The scanner is equipped with an integrated IMU system, which enables stabilization and
spatial orientation of the data, improving registration quality when working with multiple
scan stations. The survey using the terrestrial scanner consisted of nine scan stations. Eight
of the scan stations were located outside the SHP and one was located inside the machine
room, where the plant’s technical equipment is housed. Details, of the locations of all nine
scan stations are presented in Fig. 2.

Fig. 2. Locations of scan stations (* – inside the machine room)

The acquired measurement data were initially processed in Z+F Laser Control Scout
software (version 9.1.0) and then exported in .e57 format. Each scan contained approximately
170 million points. The prepared data were imported into CloudCompare software (version
2.13.1) to remove measurement noise and limit the data scope to the area under analysis. The
point clouds were then merged and resampled, maintaining a minimum distance between points
of 0.005 m. The purpose of resampling was to generalize the data and eliminate overlapping
points from different scan stations. The final point cloud consisted of 43,388,189 points and
was exported in .e57 format. Fig. 3 illustrates the appearance of the resulting point cloud. This
methodology was successfully harnessed by the research team in previous research programs
regarding to the degradation of cultural heritage objects [35, 36].

Fig. 3. The appearance of the resulting point cloud
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4. 3D modeling

The processed point cloud was imported into Rhinoceros 8 (version 8 SR17) software,
where 3D modeling of the object was performed. The modeling process involved manual
reconstruction of the small hydropower plant’s geometry and associated technical infrastructure
based on spatial data. The modeling was based on mapping the main planes and curvatures
of the object, utilizing surface and solid operations available in the Rhino environment. To
ensure geometric consistency, surface fitting to points and tools for reconstructing edges from
cross-sectional and longitudinal sections were used. Infrastructure elements not visible in the
point cloud, such as certain parts of technical equipment, intakes, or internal components, were
modeled based on technical documentation and information provided by the plant operator.
During the modeling stage, simplifications were applied to architectural details that did not
significantly impact subsequent analyses. In addition to the model representing the plant’s
geometry (Fig. 4), a model of the water flow space within the SHP system, corresponding to
the volume filled with water, was also developed. The geometric model served as the basis
for further numerical analyses conducted in the CFD environment. It was developed in three
variants, differentiated by the configuration of the flow system.

(a) (b)

(c) (d)

Fig. 4. Achieved 3D Mode: (a) View from the northwest side, (b) View from the west side,
(c) View from the southwest side, (d) View from the southeast side
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5. CFD analysis
Numerical simulations of water flow in the SHP system were conducted using ANSYS

software (version 2025 R1) with the Fluent model (version 2025 R1.04), based on a previously
prepared 3D geometric model imported in .STP format. The computational mesh was generated
directly in the Fluent environment using the built-in tool. Six variants of water flow simulations
in the SHP system were performed. The first variant, analyzed water flow solely in the pipeline
supplying water to the turbines (see Fig. 5). The second variant, included both the pipeline and
the intake chamber, assuming a fully closed dam (see Fig. 6). The third variant, analyzed the
intake chamber and pipeline, model, considering a simulated dam leakage, resulting in water
flow through its lower part (see Fig. 7). This variant was evaluated for three cases, varying the
overflow height at 8 cm, 6 cm, and 4 cm (overflows smaller than 4 cm were not detectable).

Fig. 5. Model of the flow space for Variant I – the pipeline supplying water from the intake chamber to
the inlets

of the pump-turbines

Fig. 6. Model of the flow space for Variant II – the intake chamber and supply pipeline, assuming a fully
closed dam with no flow through its upper part

The analysis was conducted in steady-state mode, accounting for gravity. A mass-flow
inlet boundary condition of 200 kg/s was applied at the inlet, aligned with the pipeline axis.
The outlets were defined with a pressure- outlet condition at a reference pressure of 0 Pa.
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Fig. 7. Model of the flow space for Variant III – the intake chamber and supply pipeline, assuming a dam
overflow

All model walls were defined as impermeable with a no-slip condition. The 𝑘 − 𝜀 (standard)
model was used for turbulent flow modeling. The material assigned to the flow domain was
water-liquid from the ANSYS Fluent database. The computational process was initiated with
Compute From Inlet initialization, and calculations were performed for 500 iterations using
the SIMPLE solving scheme and second-order accuracy (Second Order). The obtained results
include velocity distributions within the chamber and supply pipeline, as well as the volume of
water passing through each of the four outlets. The simulations enabled the assessment of the
impact of geometry and potential leakages on the nature of water flow under conditions close
to real-world scenarios.

An analysis of grid independence was conducted to evaluate the impact of computational
grid resolution on simulation results for variant two. Six grid scenarios with maximum element
sizes ranging from 2.4 to 0.075 meters were considered. The densest mesh, containing over
780,000 elements, served as the reference. Detailed results are shown in Table 1 and Table 2.

For the grid with a maximum size of 0.6 meters (adopted for all variants in this study),
the differences from the reference solution are as follows: Outlet 1: –3.9% velocity and -3.7%
mass flow; Outlet 2: –1.6% velocity and –0.9% mass flow; and Outlet 3: +6.6% velocity and
+6.5% mass flow.

Table 1. Effect of mesh size on outlet velocity

Max mesh
element
size [m]

Number of
faces

Outlet_1
Velocity

[m/s]

Δ Outlet_1
Velocity

[%]

Outlet_2
Velocity

[m/s]

Δ Outlet_2
Velocity

[%]

Outlet_3
Velocity

[m/s]

Δ Outlet_3
Velocity

[%]

2.4 79552 0.309 –9.1% 0.379 –1.6% 0.439 13.9%

, 1.2 82060 0.311 –8.6% 0.372 –3.3% 0.451 16.9%

0.6* 83931 0.327 –3.9% 0.379 –1.6% 0.411 6.6%

0.3 99544 0.342 0.6% 0.378 –1.9% 0.388 0.6%

0.15 193866 0.345 1.5% 0.376 –2.4% 0.389 1.0%

0.075 780823 0.340 Reference 0.385 Reference 0.385 Reference

Δ – deviation from the reference value (0.075 m); ∗ – value selected for further analysis.
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Table 2. Effect of mesh size on outlet mass flow

Max mesh
element size [m]

Number of
faces

Outlet_1
Mass Flow

[kg/s]

Δ Outlet_1
Mass Flow

[%]

Outlet_2
Mass Flow

[kg/s]

Δ Outlet_2
Mass Flow

[%]

Outlet_3
Mass Flow

[kg/s]

Δ Outlet_3
Mass Flow

[%]
2.4 79552 –64.019 –9.1% –78.507 –0.7% –57.469 13.8%
1.2 82060 –64.289 –8.7% –76.703 –3.0% –58.993 16.8%

0.6 * 83931 –67.830 –3.7% –78.384 –0.9% –53.778 6.5%
0.3 99544 –70.512 0.2% –78.572 –0.6% –50.902 0.8%
0.15 193866 –71.036 0.9% –77.946 –1.4% –50.944 0.9%
0.075 780823 –70.406 Reference –79.085 Reference –50.500 Reference

Δ – deviation from the reference value (0.075 m); ∗ – value selected for further analysis.

6. Analysis of the results
The first stage of the analysis was to evaluate the accuracy of the geometric representation

of the SHP in the developed 3D model. To this end, a comparison was made between the 3D
model and the original point cloud. Since the point cloud covered a larger area than the model
itself, points with a distance from the model’s surface exceeding ±0.5 m were filtered out to
standardize the comparison. As a result, a point cloud consisting of 14,618,671 points was
obtained, as shown in Fig. 8. The points were visualized using a color scale to facilitate the
interpretation of deviations, ranging from -0.05 m to 0.05 m. Points with deviations beyond
this range were marked in gray. Detailed statistics of the point cloud are presented in Table 3.
The analysis showed that approximately 70% of the points fall within a deviation range of
±0.02 m, which can be considered the average accuracy of the SHP geometry representation.
Points with larger errors are mainly located on secondary objects, such as technical equipment,
window curtains, rods, grates, or tools hanging on walls, which were not included in the model
due to their insignificance for the conducted research.

Table 3. Detailed statistics of the point cloud

Deviation range
[m] Number of points Percent of points

[%]
–0.005; 0.005 4711312 32.23%
–0.01; 0.01 8794150 60.16%
–0.02; 0.02 10255887 70.16%
–0.03; 0.03 10822268 74.03%
–0.04; 0.04 11003622 75.27%
–0.05; 0.05 11219783 76.75%
–0.10; 0.10 11878592 81.26%
–0.20; 0.20 12862210 87.98%
–0.30; 0.30 13606904 93.08%
–0.40; 0.40 14237039 97.39%
–0.50; 0.50 14618671 100.00%
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(a)

(b) (c)

Fig. 8. Point cloud with the interpretation of deviations: (a) View from the north side,
(b) View from the northwest side, (c) View of the interior of the object

The second stage of the analysis involved assessment of the water flow in the SHP system
to determine the velocity and volume of water passing through each of its outlets. Detailed
results are presented in Table 4. The analysis revealed that in Variant I, which includes only
the pipeline supplying water to the three turbines, the total mass flow is distributed unevenly
among the outlets: the largest share is attributed to Outlet 2 (80.5 kg/s), while the smallest is
at Outlet 1 (57.4 kg/s). In Variant II, which additionally includes the intake chamber, a more
balanced flow distribution is observed, although Outlet 2 still has the largest share. This is
due to its position relative to the main pipeline, as it forms a direct extension of it, causing
the water stream to be directed primarily toward Outlet 2. The other outlets, positioned at an
angle, receive part of the flow after a change in the stream’s direction. Variant III, simulating
dam leakages (three cases of overflow), shows a clear reduction in flow through the three main
outlets (Outlets 1-3), which is a direct consequence of the additional flow through Outlet 4,
capturing overflow water. As the overflow height decreases (from 8 cm to 4 cm), the flow
through Outlet 4 diminishes, resulting in an increased share of water directed to the other
outlets. For example, with a overflow of 8 cm height, Outlet 4 accounts for over 40% of the
total flow (81.0 kg/s), while for a 4 cm overflow height, it accounts for about 32% (63.7 kg/s).
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Table 4. Volume of wate er passing thr rough each of o SHP outlet ts

Inlet Outlet 1 Outlet 2 Outlet 3 Outlet 4

Variant I

Velocity [m/s] 0.187 0.281 0.413 0.472 –

Area [m2] 1.073 0.208 0.208 0.131 –

Mass Flow [kg/s] 200.000 –57.443 –80.544 –62.014 –

Variant II

Velocity [m/s] 0.267 0.327 0.379 0.411 –

Area [m2] 0.750 0.208 0.208 0.131 –

Mass Flow [kg/s] 200.000 –67.830 –78.384 –53.778 –

Variant III – 8 cm

Velocity [m/s] 0.267 0.199 0.229 0.231 0.076

Area [m2] 0.750 0.208 0.208 0.131 1.374

Mass Flow [kg/s] 200.000 –41.242 –46.793 –30.439 –80.966

Variant III – 6 cm

Velocity [m/s] 0.267 0.215 0.249 0.231 0.068

Area [m2] 0.750 0.208 0.208 0.131 1.374

Mass Flow [kg/s] 200.000 –44.524 –51.482 –30.095 –73.648

Variant III – 4 cm

Velocity [m/s] 0.267 0.224 0.260 0.263 0.060

Area [m2] 0.750 0.208 0.208 0.131 1.374

Mass Flow [kg/s] 200.000 –46.551 –53.875 –34.736 –63.714

An interesting phenomenon is the change in water flow velocity through Outlet 1 between
Variants I and II. Despite the larger inlet surface area in Variant I (1.073 m2 compared to
0.750 m2 in Variant II) and a lower inlet velocity (0.187 m/s vs. 0.267 m/s), the water velocity
at Outlet 1 is lower in Variant I, while velocities at Outlets 2 and 3 are higher. This phenomenon
results from the direction of water inflow. In Variant I, which includes only the pipeline, water
enters perpendicular to the inlet surface, causing the stream to collide with the side wall
(Wall 1 – Fig. 9) and then move along it. This flow direction favors water being directed to
Outlets 2 and 3, while limiting inflow to Outlet 1. In Variant II, which includes the intake
chamber, water enters the pipeline after gaining flow direction within the chamber’s space.
This creates a gentle vortex in the pipeline, promoting a more even distribution of water across
the entire cross-section. As a result, the flow through all three outlets becomes more balanced,
as illustrated in Fig. 9.

The visualizations of velocity distributions in the cross-sections of Outlets 1-3, shown in
Fig. 10, allow observation of the variability in flow structure. In the variant including only
the pipeline (Fig. 10), the maximum velocity is distributed relatively unevenly, with increased
flow intensity in the middle and upper parts of the cross-sections. The flow distribution is
asymmetric due to the inlet water direction discussed above. In the variant with the intake
chamber and a fully closed dam (Fig. 11), the flow shows a more uniform velocity profile.
Subsequent cases (Fig. 12) with 8, 6, and 4 cm overflows reveal increasing outlet velocities as
the overflow narrows.
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(a)

(b)

Fig. 9. Water flow directions: (a) Simulation for Variant I, (b) Simulation for Variant II

Fig. 10. Velocity distribution at Outlets 1-3 for Variant I

Fig. 11. Velocity distribution at Outlets 1-3 for Variant II
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Fig. 12. Velocity distribution at Outlets 1-3 for Variant III at overflow of 8 cm

Fig. 13. Velocity distribution at Outlets 1-3 for Variant III at overflow of 6 cm

Fig. 14. Velocity distribution at Outlets 1-3 for Variant III at overflow of 4 cm

To better illustrate the distribution of mass flow among the outlets, Table 5 presents the
results as percentages relative to the total water flow at the inlet.

In Variant I, Outlet 2 plays a dominant role, handling over 40% of the total water stream. The
introduction of the intake chamber (Variant II) results in a partial shift of water flow from Outlet
3 to Outlet 1. Variant III (simulating dam overflow) shows a systematic reduction in water flow
through the additional outlet, Outlet 4, as the overflow height decreases (8 cm to 4 cm). Mean-
while, the flow distribution among Outlets 1-3 remains similar to that observed in Variant II.
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Table 5. Percentage share of outf flow relative to the total water flow at t the inlet

Mass Flow Inlet Outlet 1 Outlet 2 Outlet 3 Outlet 4

Variant I
[kg/s] 200.000 –57.443 –80.544 –62.014 –
[%] 100.00% –28.72% –40.27% –31.01% –

Variant II
[kg/s] 200.000 –67.830 –78.384 –53.778 –
[%] 100.00% –33.92% –39.19% –26.89% –

Variant III 8 cm
[kg/s] 200.000 –41.242 –46.793 –30.439 –80.966
[%] 100.00% –20.62% –23.40% –15.22% –40.48%

Variant III 6 cm
[kg/s] 200.000 –44.524 –51.482 –30.095 –73.648
[%] 100.00% –22.26% –25.74% –15.05% –36.82%

Variant III 4 cm
[kg/s] 200.000 –46.551 –53.875 –34.736 –63.714
[%] 100.00% –23.28% –26.94% –17.37% –31.86%

7. Discussion

The presented research confirm the effectiveness of using data obtained through TLS to
construct 3D geometric models of hydrotechnical structures, which subsequently serve as
a robust foundation for computational fluid dynamics analyses. The accuracy of the developed
3D model, determined through comparison with the point cloud, indicates that approximately
70% of the points fall within a deviation range of ±0.02 m. This result demonstrates that, with
an appropriately conducted generalization and simplification process, it is possible to obtain
a model that faithfully represents the actual shape of the object. Converting the full point cloud
into a generalized yet accurate spatial model significantly facilitates further data processing, re-
ducing data volume and computational complexity without substantial loss of geometric quality.

The use of a 3D model based on the actual geometry of the object enabled detailed
numerical analyses, covering six water flow variants in the SHP system. This allowed for the
determination of velocity and mass flow values at each outlet, providing insights into the
behavior of water flow under different geometric configurations. The first analyzed variant,
considering only the pipeline, highlighted significant limitations of simplified models. Due to
the perpendicular inflow direction relative to the inlet plane, the flow was distinctly asymmetric,
with the dominant portion of the stream directed toward Outlets 2 and 3, while the flow through
Outlet 1 was significantly limited. Such a phenomenon, difficult to predict without detailed
knowledge of the inlet direction and the actual geometry of the entire system, underscores
the limitations of analyses based solely on models representing fragments of the complete
hydraulic system. Similar conclusions were drawn by Souček et al. [31], who emphasized that
the optimal approach for flow modeling involves using a digital twin derived from scanning
data, encompassing the full geometry of the analyzed object.

Incorporating the intake chamber (Variant II) allowed for a more natural shaping of the
water stream before entering the pipeline, resulting in a more balanced flow among the three
outlets. This demonstrates that realistic representation of the full geometry is crucial for
accurately capturing flow phenomena in hydrotechnical structures. Even minor changes in the
configuration of inflow elements can affect the final distribution of flow streams, thus impacting
the overall efficiency of the system. Our proposed approach for studying water flow in SHPs,
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based on TLS data and CFD analyses, enables the reconstruction of the object’s geometry
and a better understanding of flow mechanisms in existing, often irregular, hydraulic systems.
The need for developing such an approach was highlighted by Machalski et al. [30], who
presented the construction of a digital twin of a hydropower plant, emphasizing the importance
of acquiring 3D spatial data to more accurately model the current geometry of the object,
which may differ from that indicated in available technical documentation.

In the analyses of Variant III, it was demonstrated that the proposed approach can be
successfully used to simulate potential structural leakages and assess their impact on flow
parameters in the hydraulic system. Incorporating dam leakages of varying simulated widths
allowed for the observation of changes in water flow distribution, particularly a significant
reduction in mass flows directed to the turbines. A portion of the water was diverted to a new
outflow channel (Outlet 4), which in real- world conditions could lead to reduced efficiency of the
energy system. A similar approach was employed in the studies by Akinyemi and Liu [25], where
simulations enabled the evaluation of the impact of different geometric configurations on energy
efficiency. Our simulations showed that the method integrating TLS data and CFD modeling
enables the assessment of the effects of local geometric defects, making it a valuable tool for
technical diagnostics and planning maintenance work in existing hydrotechnical structures.

A certain limitation of the conducted analyses is the assumption of specific water flow
conditions and the omission of some geometric details. The developed model accurately
represents the structure of the object and preserves key features of the hydraulic system, but
a generalized form was deliberately adopted to reduce computational complexity. In future
work, it is possible to further increase the accuracy of geometric representation, for instance,
by incorporating wall roughness, minor structural elements, and local surface irregularities,
which may influence flow characteristics under real operational conditions. Despite the adopted
simplifications, the obtained results confirm that TLS data can serve as a reliable source of
geometric information for CFD analyses of real hydrotechnical systems.

The conducted simulations have additional limitations, including the use of a steady-state
approach, which assumes time-invariant flow conditions. Although this method is commonly
used in preliminary engineering analyses because of its lower computational cost and shorter
processing time, it cannot represent dynamic phenomena occurring in the system, such as
pressure pulsations, transient changes in velocity distribution, or localized vortex formation [37].
In real turbine operations, these effects may impact system efficiency and structural wear. Using
a steady-state model in this study was a deliberate simplification motivated by the primary
objective of demonstrating the feasibility of using TLS-derived 3D geometry as input data for
CFD analysis. As such, certain modeling simplifications were adopted intentionally.

8. Conclusions
Based on the conducted research program, the following conclusions can be drawn:
– The obtained results indicate that the use of TLS data enables precise reconstruction of

the flow system’s geometry and can serve as a foundation for hydrodynamic analyses. The
simulations demonstrated a significant influence of the actual shape of inflow elements
on the nature of water flow, particularly evident when comparing the simplified variant
(pipeline only) with the model incorporating the intake chamber.
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– The accuracy of the developed 3D model compared to the point cloud was ±0.02 m for
approximately 70% of the points, confirming the suitability of the proposed approach
for creating faithful geometric models that can be used for further engineering analyses.

– The analysis of the variant with simulated dam overflow demonstrated the ability to
assess the impact of structural defects on the water balance of the system and its energy
efficiency. When simulating an 8 cm dam overflow, Outlet 4 captured over 40% of
the total water stream, highlighting the importance of such analyses in evaluating the
performance of existing SHPs.

– The conducted analyses underscore the potential of the proposed approach, which
integrates TLS data and CFD simulations. The developed methodology can be success-
fully applied in research and engineering tasks, particularly in cases where complete
technical documentation is lacking or when local geometric irregularities need to be
considered. It can be valuable for diagnosing the technical condition and modernizing
small hydropower facilities.
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Studium przypadku wykorzystania naziemnego skaningu laserowego
jako źródła danych do modelowania 3D w celu analizy

przepływu wody w małej elektrowni wodnej

Słowa kluczowe: energia wodna, naziemny skaning laserowy, obliczeniowa mechanika płynów, TLS

Streszczenie:

W artykule zaproponowano metodologię pomiaru i opracowania jego wyników integrującą dane
pozyskane za pomocą naziemnego skaningu laserowego (TLS) z analizami numerycznymi typu CFD
(Computational Fluid Dynamics), mającą na celu ocenę warunków przepływu wody w rzeczywistym
układzie Małej Elektrowni Wodnej (MEW). Na podstawie danych TLS opracowano szczegółowy model
3D geometrii obiektu – MEW w Koszalinie, Polska, który posłużył do przeprowadzenia serii symulacji
numerycznych w środowisku ANSYS Fluent. Analizy objęły sześć wariantów przepływu wody, w tym
symulowane scenariusze uwzględniające różne szerokości potencjalnych nieszczelności zapory. Wyniki
badań potwierdziły, że wykorzystanie danych TLS jako podstawy modelu geometrycznego pozwala na
zbadanie rzeczywistego przepływu wody w układzie elektrowni. Opracowany model 3D MEW osiągnął
dokładność ±0,02 m względem pozyskanej chmury punktów, a wykonane na jego podstawie analizy
umożliwiły ocenę przebiegu wody w systemie. Badania wykazały, że w przypadku szczelnej komory
ujęciowej odpływ numer 2 przyjmuje największe masy wody, wynoszące 39,19% całkowitego przepływu,
natomiast odpływy numer 1 i 3 odpowiednio 33,92% i 26,89%. Zaproponowane w pracy wykorzystanie
danych TLS do modelowania 3D na potrzeby analiz przepływu wody w układzie MEW wskazuje na
duży potencjał integracji TLS i CFD jako narzędzia inżynierskiego o szerokim zastosowaniu.
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