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COMPREHENSIVE REVIEW OF SOLIDWORKS AND ANSYS FOR HYDRAULIC MACHINERY
DESIGN AND ANALYSIS

An in-depth analysis of current computer-aided design (CAD) and systems engineering analysis (CAE) software is presented, focusing on SolidWorks
and ANSYS. Particular attention is paid to their use in the design and analysis of hydraulic machines, where these tools play an essential role in the
development of turbines, pumps, and other components. SolidWorks stands out as the leading tool for creating 3D models of hydraulic assemblies,
allowing engineers to optimize designs and reduce hydraulic losses early in the design process. In addition, SolidWorks offers a user-friendly interface
and powerful modeling capabilities, allowing you to perform fundamental analyses in a hydraulic simulation environment. A review of the widely
used ANSY'S program, recognized as a tool for performing complex engineering analyses covering a wide range of physical phenomena, including
thermal, mechanical, electromagnetic, and hydrodynamic processes, is performed. The multiphysics capabilities of ANSYS allow engineers to model
complex interactions of physical phenomena in a single simulation environment, which is especially important for tasks such as designing power
plants or hydro turbines. A comprehensive review of simulation features, including Finite Element Analysis (FEA) and flow modeling, is performed to
provide early detection of design problems. The application of ANSYS is proposed for the in-depth analysis of hydrodynamic phenomena occurring in
turbines during their operation, which allows the optimization of the geometry of the blades and reduces the risk of cavitation. Furthermore, it is
emphasized that integrating both software packages creates a powerful toolkit for engineers, allowing them to combine design and analysis in a single
workflow. It is concluded that effective use of SolidWorks and ANSYS can significantly improve the quality of hydraulic machine development,
reducing design time and increasing reliability. The article also provides practical examples of the use of these programs in real projects,
demonstrating their effectiveness and impact on engineering solutions in the field of mechanical engineering.
Keywords: SolidWorks, ANSYS, hydraulic machines, design, computational fluid dynamics, numerical research.

€. C. KPYIIA, P. M. IEMYYK

KOMILITEKCHHUM OTJISIJT SOLIDWORKS TA ANSYS JIJISI TIPOEKTYBAHHS TA AHAJII3Y
T'APABJIIYHUX MAIIWH

IlpencraBineHo raMOOKMH aHaN3 Cy4acHOTO IpOrpaMHOro 3a0e3NedeHHs JUIL CHCTeM aBToMaTH3oBaHoro mpoektyBanHi (CAD) Ta cucrem
imkeHepHoro ananmizy (CAE), 3 akuentom Ha SolidWorks Ta ANSYS. Oco6nuBy yBary NpHIiIeHO IX BHKOPHCTAHHIO B IPOEKTYBaHHI Ta aHaIi3i
TiJpaBIiYHIX MAIIUH, J¢ i IHCTPYMEHTH BiJirpaloTh BaXKIUBY POJIb y Po3po0OIi TypOiH, HacociB Ta iHIMX KOMIOHEHTIB. SolidWorks BuainseTses sk
HPOBIJHUIT IHCTPYMEHT JUlst CTBOpPEHHS 3D-Mozeneii rinpaBiivHuX arperaris, IO J03BOJISIE iHKEHEPAM ONTHMI3yBaTH KOHCTPYKIII Ta 3MEHIIyBaTH
TipaBiIiYHi BTpAaTH Ha paHHIX eramax npoektyBanHs. Kpim Toro, SolidWorks mpomnonye 3py4nuii iHTepgeiic i HOTyXHI MOXIHBOCTI CHMYJIALIT,
JIO3BOJISIFOUM  BUKOHYBaTH 0a30Bi aHaii3u Oe3nocepeqHbO B CEPENOBHUII MOJIEIIOBAHHS TiIPaBIiYHMX CUCTEM. BHKOHAHO OIJISI IIHUPOKO
BukopucToByBaHoi nporpamu ANSYS, 110 BH3HAaHMI SIK {HCTPYMEHT JUIsl BUKOHAHHS CKJIAIHHX IH)KEHEPHHX aHANi3iB, SIKi OXOIUTIOIOTH LIMPOKHI
CTeKTp (pi3MYHHMX SBHMIN, BKIIOYAIOYM TEIUIOBI, MEXaHIYHi, €JIEKTPOMArHiTHI Ta rigpoanmHamiuni mpouecn. Mynbrudisnuni moxumBocti ANSYS
JIO3BOJISIIOTH 1HXKEHEepaM MOJIETIOBATH CKJIAAHI B3aeMOJIT (Di3MUHMX SBHII B €MHOMY CEPEIOBHUILI CUMYJIALI, 1[0 € OCOOIMBO BaXIIMBUM JUISI TAKHX
3aBJ[aHb, SIK TIPOEKTYBAHHsS E€HEPreTHYHUX YCTAHOBOK a00 riaporypOiH. Bukonano BceGiuHmMit ormsan QyHKLiH CHMYISII, SKi BKIIOYAOTh aHAI3
kinneBux enemeHTiB (FEA) Ta MonemroBaHHs NMOTOKIB, IO 3a0e3ledye paHHE BHSBICHHs IOTCHLIHHUX MPOOIEM Yy KOHCTPYKIIi. 3amporoHOBaHO
3actocyBanHs ANSYS s rimOokoro asanmizy TiApOAMHAMIYHUX SIBUI, IO BinOyBalThCs B TypOiHax mix 4ac X eKcIulyaramii, JO3BOJISAIOYH
OITHMI3yBaTH FeOMETPIIo JTonaTell Ta SMEHITYBaTH PH3UK KaBiTamil. J[0gaTkoBo, MiKpecIeHo, Mo iHTerpamnis 000X IPOrpaMHUX KOMILIEKCIB CTBOPIOE
TOTY)KHU IHCTpYMEHTapiit /I iHKEHEPIB, J03BOJIAIOUN IM MO€IHYBAaTH POEKTYBAHHS Ta aHAJIi3 Y €IMHOMY poOodoMy mporieci. 3po0iIeH0 BUCHOBOK
mpo e, o edextuBHe BukopuctanHs SolidWorks Ta ANSYS Moske 3Ha4HO MOKPALIMTH SKiCTh PO3POOKH TiAPABIIYHUX MAIIMH, 3MECHIIMBILIA Yac Ha
[POEKTYBAHHS Ta MiABUIIMBINK iX HamifiHICTB. Y CTAaTTi TaKOX MNpEICTABICHO MPAKTHYHI NPHUKIAAW BUKOPHCTAHHS LMX INPOrpaM y peajbHHUX
IPOEKTAX, IO AEMOHCTPYIOTh 1X epeKTHBHICTh Ta BILIUB Ha iHXKEHEPHI PIllIeHHs B TaTy3i MaIIHHOOY{yBaHHS.
Kurouosi ciioBa: SolidWorks, ANSY'S, rigpasiiuHi MaliHu, IPOEKTYBaHHS, OOYMCIIIOBAIIbHA TiAPOAMHAMIKA, YHUCEIBHE JOCHIDKESHHS.

Introduction. The continuous development of modeling turbine components, such as runner blades and

modern technology is transforming every industry, and
computer-aided design (CAD) is no exception. Computer-
Aided Design and Computer-Aided Engineering (CAE)
systems have become indispensable tools for engineers,
designers, and researchers, playing a crucial role in the
innovation and optimization of products and processes.
This article reviews modern CAD and CAE programs,
focusing on SolidWorks and ANSYS, their capabilities,
advantages, applications, and critical role in hydraulic
machinery and hydro turbine construction.

Modern CAD and CAE programs, such as
SolidWorks and ANSYS, play a crucial role in designing
and analyzing hydraulic machines, including hydraulic
turbines and pumps. These tools allow engineers to create
complex models, optimize designs, and conduct detailed
performance analyses of hydraulic systems. In hydro
turbine engineering, SolidWorks is used for the 3D

guide vanes, ensuring high precision during the design
phase.  Meanwhile, ANSYS performs complex
calculations, including fluid flow and thermal process
analysis, which are critical for improving turbine
efficiency under various operating conditions.
SolidWorks: A Versatile Tool for 3D Design.
SolidWorks is one of the most widely used CAD
programs globally, especially in hydraulic engineering
and hydro turbine construction. Its user-friendly interface
(Fig. 1) and comprehensive tools allow engineers to
efficiently design complex hydraulic components such as
turbine blades, casings, and guide vanes. For example,
SolidWorks enables precise parametric modeling of
runner blades in hydraulic turbine development, helping
optimize their shape for improved fluid flow. This
precision ensures efficient energy conversion in hydraulic
turbines under various operational conditions [1-7].
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Fig. 1. SolidWorks Interface

Key Features of SolidWorks. 1.Parametric Solid
Modeling: SolidWorks's core is its parametric solid
modeling capability, which allows designers to create
highly detailed parts and assemblies with exceptional
precision. This feature is crucial in hydraulic machine
design, such as for hydraulic turbines and pumps, where
the geometry of components like turbine blades and
casings needs to be optimized for maximum efficiency.
The parametric design tools in SolidWorks make it easy to
modify critical parameters, such as dimensions and angles,
ensuring efficient iterative design processes. Engineers
can quickly adjust designs to achieve optimal fluid
dynamics and performance in hydraulic turbine
construction. Parametric solid modeling in SolidWorks
also facilitates the integration of design changes across
complex assemblies, ensuring that all components remain
coherent and functional throughout the iterative process.
This capability is particularly beneficial in hydraulic
machinery, where even minor adjustments can
significantly impact overall system performance and
efficiency [1-7].

2. Surface and Sheet Metal Design: SolidWorks also
offers advanced tools for surface and sheet metal design
(Fig. 2), essential in creating complex hydraulic
components such as turbine housings and pump parts.
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Fig. 2. 3D Sheet Metal Creator

These tools allow engineers to develop intricate bent
shapes and ensure manufacturability by producing
accurate flat patterns, particularly useful in the
hydropower industry. The sheet metal features in
SolidWorks streamline the production process, ensuring

that designs meet the specifications for structural integrity
and efficiency. Additionally, these tools enable engineers
to quickly test and simulate the bending and folding
processes, reducing the risk of material waste and
ensuring that components will fit precisely during
assembly, which is particularly beneficial when designing
large-scale components for hydraulic turbines, where
minor discrepancies can significantly affect performance
and durability under operational loads [7].

3. Simulation  Capabilities:  Although  primarily
known as a CAD tool, SolidWorks includes built-in
simulation features that allow for fundamental finite
element analysis (FEA), motion studies, and thermal
simulations. These tools are critical during the early stages
of hydraulic machinery design, providing preliminary
insights into how turbine blades, pump housings, and
other components will perform under operational
conditions. This initial analysis helps engineers identify
potential performance issues before moving to more
advanced simulations in ANSYS, ensuring the design
meets structural and thermal requirements.

4. Collaborative Design and Data Management:
SolidWorks facilitates collaboration among engineering
teams with its Product Data Management (PDM) system.
This system allows for efficient design data management,
revision control, and real-time updates, which are essential
for large-scale hydropower and hydraulic machinery
projects. Multiple engineers can work simultaneously on
different project parts, such as a turbine runner or a guide
vane system, ensuring that all designs are consistent and
up-to-date. This feature is handy in constructing complex
hydraulic systems, where teamwork and data accuracy are
vital [7].

5. Extensive Library of Standard Components:
SolidWorks includes a comprehensive library of standard
components, such as fasteners, bearings, and seals,
frequently used in hydraulic machinery. This library
speeds up the design process by allowing engineers to
quickly integrate pre-designed, industry-standard parts
into complex hydraulic systems, ensuring compatibility
and reliability. Using these standardized components for
hydraulic turbines and pumps reduces design time and
ensures compliance with industry standards, making the
final product more reliable and easier to maintain [7].

Applications of SolidWorks. SolidWorks is widely
used across various industries, including automotive,
aerospace, consumer products, and industrial equipment.
However, its versatility makes it an essential tool for
designing and developing hydraulic machinery, especially
in the hydropower sector, where precision and efficiency
are crucial.

1. Hydraulic Turbine Design: In the hydropower
industry, SolidWorks is extensively used for designing
critical components of hydraulic turbines (Fig. 3, 4), such
as runner blades, guide vanes, and casings. The software's
ability to handle complex assemblies makes it ideal for
engineers working on large-scale hydropower projects,
where all components must fit together seamlessly to
ensure optimal energy conversion and efficiency. By
utilizing SolidWorks, engineers can create detailed 3D
models that allow for precise fluid dynamics analysis
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within turbines, helping minimize hydraulic losses and
improve overall performance [7].

Fig. 4. 3D model of a Francis turbine designed in SolidWorks

2. Pumps and Fluid Handling Systems: SolidWorks
is also applied in designing pumps and other fluid
handling systems critical in water management and
hydraulic infrastructure. Its ability to model complex flow
paths and optimize mechanical components ensures that
pumps operate efficiently under a wide range of fluid
conditions. Engineers use SolidWorks to design high-
precision pumps, reducing the risk of cavitation and other
performance issues. Additionally, the software allows for
the integration of standard components, simplifying
maintenance and ensuring reliability in fluid handling

systems.
3. Hydropower Station Equipment: SolidWorks is
widely wused to design industrial equipment for

hydropower stations, including turbines, valves, and
piping systems. The software's simulation capabilities
allow engineers to test equipment under real-world
conditions, such as varying water pressures and flow rates,
ensuring that the designs meet the necessary durability
and safety requirements and optimizing performance to
reduce energy losses in power generation systems.

4. Industrial Hydraulic Systems: SolidWorks is also
used to design hydraulic systems in industrial machinery
and its application in hydropower. Engineers rely on the
software's 3D modeling and simulation tools to create
exact and reliable machinery, even in harsh working
conditions. SolidWorks' ability to simulate the interaction
between hydraulic components and fluid flow ensures that
industrial hydraulic systems perform efficiently and are

durable enough for
environments [8].

ANSYS: Advanced Simulation and Engineering.
ANSYS is a leading CAE software suite that analyzes and
optimizes hydraulic machines like turbines. The software
offers powerful_simulation tools for assessing fluid flow,
thermal performance, and structural integrity of hydro
turbine components under real-world conditions. For
instance, in the design of Francis and Kaplan turbines,
ANSYS enables engineers to simulate complex fluid
dynamics within the turbine's flow path, optimizing
efficiency and reducing hydraulic losses. Additionally,
ANSYS helps ensure the structural durability of turbine
blades by analyzing stress distribution under varying
operational loads [9-11].

Key Features of ANSYS. 1. Finite Element Analysis
(FEA): ANSYS is renowned for its powerful FEA
capabilities, which allow engineers to analyze the
structural integrity of their designs under different loads
and constraints (Fig.5). This feature is essential in
industries where safety and reliability are paramount, such
as aerospace and civil engineering.

long-term use in demanding

Fig. 5. FEA process in ANSY'S with a multi-colored
visualization of the stress and strain distribution on the model

2. Computational Fluid Dynamics (CFD): ANSYS
includes advanced CFD tools that enable engineers to
simulate fluid flow, heat transfer, and chemical reactions
under different conditions [10]. These tools are invaluable
in industries like automotive and aerospace, where
optimizing aerodynamics and cooling systems is essential.

In the hydropower sector, CFD tools simulate water
flow through hydraulic turbines (Fig.6), allowing
engineers to optimize blade geometry and reduce
hydraulic losses. ANSYS CFD helps improve turbine
efficiency and ensures that designs can handle varying
flow conditions without performance loss. Additionally,
CFD is essential for identifying potential cavitation zones
and optimizing cooling systems in hydropower plants,
ensuring efficient thermal management in high-power
environments.

Furthermore, ANSYS CFD allows for the simulation
of unsteady fluid flow, enabling engineers to analyze
transient phenomena like pressure surges and flow
oscillations, which are critical in maintaining the stability
and safety of hydraulic systems.

3. Electromagnetic Simulation: ANSYS provides
tools for simulating electromagnetic fields (Fig. 7),
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essential for designing electronic devices, antennas, and
power systems. These simulations help ensure designs
meet regulatory requirements and perform as expected in
real-world conditions [10].

Velogit
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9.729e-002
[m s7-1]

Fig. 6. Velocity distribution visualization in a Kaplan turbine
using ANSYS CFD

4. Multiphysics Simulation: One of the standout
features of ANSYS is its ability to perform multiphysics
simulations (Fig. 8), where different physical phenomena
are analyzed simultaneously. For example, engineers can
simulate how a structure will behave under thermal stress
while considering the effects of fluid flow and
electromagnetic fields [10].

Fig. 7. Visualization of electromagnetic fields around an
electronic device

5. Optimization and Design Exploration (Fig. 9):
ANSYS includes tools for exploration and optimization,
allowing engineers to identify the best design parameters
to meet performance criteria [7]. This feature helps reduce
the time and cost associated with prototyping and testing.

Applications of ANSYS. ANSYS is widely used
across various industries to ensure that designs perform as
expected under different conditions, and its advanced
simulation capabilities make it an essential tool for
engineers working on complex hydraulic projects.

ANSYS's versatility is especially valuable in hydropower
and fluid dynamics applications, where precise
simulations of fluid flow, structural integrity, and thermal
behavior are critical [9-12].
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Fig. 8. Complex model showing the effects of thermal,
mechanical and fluid processes simultaneously

ANSY5 Design Exploration

Parameterized CAD | Sensitivity/
C.mrlan

- Design of mwmsurrm i Optimization/ | Report Generation
Enperimnnh i Method Robust Design/
| SixSimga :

Archive

Pre-Processing Post-Processing |

Fig. 9. Process of optimizing design parameters using ANSY'S

- Hydraulic Turbine Engineering: In the design of
hydraulic turbines, ANSYS is used to simulate fluid
dynamics and structural integrity under operational loads.
Engineers use ANSYS to optimize the performance of
turbine blades and guide vanes by analyzing the effects of
water flow and pressure distribution, which helps reduce
hydraulic losses, improve efficiency, and ensure that
turbine components withstand the stresses of high-speed
water flow [1-3].

Additionally, ANSYS simulations help mitigate
cavitation risks, which is a critical factor in prolonging the
lifespan of hydraulic turbines [10];

- Pumps and Fluid Handling Systems: ANSYS plays
a vital role in designing and analyzing pumps and fluid
handling systems in the water management and industrial
sectors. Engineers use ANSYS's Computational Fluid
Dynamics (CFD) tools to optimize pump performance by
analyzing flow characteristics and minimizing energy
losses due to turbulence or cavitation, ensuring that pumps
operate efficiently under varying fluid conditions,
contributing to improved energy conservation and system
reliability [2];

- Energy and Power Systems: In the energy sector,
ANSYS is utilized to optimize the design and
performance of hydropower plants, wind turbines, and
solar energy systems. Its simulation tools help engineers
assess turbines' thermal and structural performance under
different operating conditions, such as fluctuating water
flow or environmental changes. These analyses ensure
energy generation systems' long-term reliability and
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efficiency. Additionally, ANSYS enables the integration
of multiple physics (fluid, thermal, and structural) in a
single simulation, which is vital for comprehensive
hydropower system design;

- Civil Engineering: ANSYS is also employed in
civil engineering for the design and safety analysis of
hydraulic structures such as dams, reservoirs, and water
channels. Its simulation capabilities allow engineers to
model the effects of fluid pressure, wind, and seismic
activity on these structures, ensuring their durability and
safety in varying environmental conditions, which is
especially important in hydropower stations, where dam
integrity is critical for energy production and public
safety [10].

Generative Design and Al Integration. Generative
design and Al integration are transforming how hydraulic
machines are designed, with SolidWorks and ANSYS
providing advanced tools to optimize the development
process (Fig. 10). In hydraulic engineering, Al-powered
generative design can automatically generate and test
multiple design iterations for turbine components such as
impellers and diffusers, significantly reducing material
usage and increasing efficiency. ANSYS plays a crucial
role in simulating and validating these Al-generated
designs, ensuring they meet performance criteria in real-
world conditions, especially for optimizing the hydraulic
performance of turbines [10-12].

In generative design workflows, engineers input key
design constraints, such as load requirements and material
limits, while the Al algorithm generates multiple potential
solutions. These designs are then analyzed using ANSY'S
to evaluate structural integrity, fluid dynamics, and
thermal performance. This ensures the final design meets
operational criteria and is optimized for material usage
and manufacturing efficiency. This iterative process is
precious in hydraulic turbine design, where minimizing
material use and maximizing performance are critical
factors.

generative design by enabling detailed evaluations of Al-
generated models. Engineers can simulate complex
interactions, such as water flow over turbine blades or
thermal stresses within hydraulic components, ensuring
that designs are efficient but also robust and reliable under
real-world conditions. Integrating generative design with
advanced simulations enables engineers to create highly
innovative hydraulic machines that push the boundaries of
traditional design methods.

Meanwhile, ANSYS Cloud provides scalable
computational  resources for running large-scale
simulations of hydraulic turbines, such as analyzing fluid
flow and stress across turbine blades and casings. This
combination allows engineers to optimize hydro turbine
performance remotely, reducing design cycles and
enhancing project coordination [10-12].

Advanced Applications of SolidWorks and
ANSYS in the Design and Analysis of Hydraulic
Machines. SolidWorks and ANSYS are indispensable for
developing hydraulic machinery, including pumps,
compressors, and hydraulic turbines. SolidWorks is
primarily utilized to create intricate 3D models, allowing
engineers to optimize fluid pathways and mechanical
components with high precision [9]. The parametric
design features of SolidWorks enable fast iterations,
making it easier to adjust critical components and enhance
machine performance during the early design stages [3].
ANSYS, in turn, provides advanced simulation
capabilities such as computational fluid dynamics (CFD)
and structural analysis, which are critical for
understanding how these machines will behave under
various operating conditions, including extreme pressures
and high fluid velocities. By integrating these two tools,
engineers can predict and mitigate potential issues like
cavitation or material fatigue, ensuring the efficiency and
reliability of hydraulic machines. This workflow reduces
the need for physical prototyping and shortens the time to
market, especially in industries like renewable energy and

ANSYS's simulation capabilities complement water management.
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Fig. 10. Generative design and Al integration
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Conclusions. Integrating SolidWorks and ANSYS in
the design and analysis of hydraulic machinery,
particularly hydraulic turbines, represents a significant
advancement in  modern  engineering  practices.
SolidWorks's intuitive 3D modeling capabilities enable
engineers to efficiently create detailed designs of complex
hydraulic components such as runner blades, casings, and
guide vanes. The parametric modeling features of
SolidWorks allow for rapid design iterations, enabling
engineers to make quick adjustments during the early
stages of development, which is crucial for optimizing the
efficiency and reliability of hydraulic machines.

On the other hand, ANSY'S plays a pivotal role in the
simulation and validation of hydraulic machinery designs.
Its advanced capabilities in computational fluid dynamics
(CFD), structural analysis, and thermal management
provide engineers with detailed insights into how
hydraulic turbines and other machinery will perform under
real-world conditions.
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