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Abstract. This paper contains concrete aspects aimed at strengthening research and innovation
through specific activities in the field of aerospace research. This involves continuous research,
finding new, modern, innovative solutions/processes that satisfy potential customers and through
which we can keep competitive with existing aerospace research institutes on the market. In the
case of improving the methods of simulation and visualisation of airflow around symmetrical
airfoils we have carried out a SWOT analysis because it is a strategic method used to assess
internal and external factors that can influence the success of an initiative or strategy.
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Introduction

Wind tunnels play a crucial and irreplaceable role in various industries and research fields worldwide.
Their importance extends across several domains, contributing to advancements in technology, safety,
and innovation.

Aerospace Research and Development:

- Aircraft Design: Wind tunnels are fundamental in the design and testing of aircraft, helping
engineers understand aerodynamic performance, lift, drag, and stability. They facilitate the
optimization of wing profiles, fuselage shapes, and control surfaces.

- Spacecraft Design: Wind tunnels aid in the development of spacecraft by simulating the
aerodynamic conditions encountered during launch and re-entry. This is critical for ensuring the
structural integrity and safety of space vehicles.

Automotive Industry:

- Vehicle Aerodynamics: Wind tunnels are widely used in the automotive industry to test and
improve the aerodynamics of vehicles. This includes reducing drag, enhancing fuel efficiency,
and optimizing cooling systems.

- High-Speed Testing: Wind tunnels allow for high-speed testing of vehicles, simulating
conditions encountered at highway speeds and beyond.
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Civil Engineering and Architecture:

- Bridge and Building Design: Wind tunnels are employed to study the effects of wind on large
structures like bridges and buildings. This is essential for ensuring structural integrity,
minimizing wind-induced vibrations, and preventing potential disasters.

- Urban Planning: Wind tunnel testing is used to analyze the impact of wind on urban landscapes,
helping architects and city planners design structures that are safe and comfortable for
inhabitants.

Sports Equipment Development:

- Sporting Goods Design: Wind tunnels are utilized in the development of sporting equipment
such as bicycles, helmets, and clothing. Athletes and sports engineers can optimize designs to
reduce aerodynamic drag and enhance performance.

Energy Sector:

- Wind Turbine Testing: Wind tunnels are employed in the development and testing of wind
turbine blades. This helps optimize the design for maximum energy efficiency and structural
integrity.

- Renewable Energy Research: Wind tunnels contribute to the study of wind patterns, helping
researchers identify optimal locations for wind farms and assess the performance of different
wind energy technologies.

Educational and Research Institutions:

- Aerodynamics Research: Wind tunnels serve as vital tools for educational and research
institutions conducting studies in aerodynamics, fluid dynamics, and related fields. They
provide hands-on learning experiences and facilitate experimentation and innovation.

Military Applications:

- Aircraft and Missile Testing: The military uses wind tunnels for testing and refining aircraft and
missile designs. Understanding aerodynamic characteristics is critical for enhancing the
performance and maneuverability of military vehicles[1].

In summary, wind tunnels are indispensable tools that contribute significantly to technological
advancements, innovation, and safety across a broad spectrum of industries. Their ability to simulate
and analyze airflow under controlled conditions is crucial for optimizing designs, improving efficiency,
and ensuring the reliability of various products and structures.

Wind tunnel sales are anticipated to be led by the aerospace and defense sector over the projected period.
Since these aircraft are frequently exposed to harsh weather conditions, the increased use of wind tunnels
for testing them is another factor contributing to the growth of the wind tunnel market's aerospace and
defense application segment[2].

The Wind Tunnel Market is anticipated to be driven by a healthy increase in the manufacturing of
passenger cars as well as a rise in the acceptance of methods to reduce vehicle emissions and fuel
consumption. The enormous expenditure needed for the high-end production capabilities, however,
serves as a barrier to the wind tunnel market's expansion. The Asia-Pacific (APAC) region, which
includes China, Japan, Korea, India, and others, is expected to offer more prospects in the years to come
for the automotive wind tunnel industry.

This paper’s goal is to give a thorough overview of the wind tunnel market, taking into account all
industry participants[3]. The research presents the industry's historical and present state together with
projected market size and trends, analyzing complex data in an easy-to-read manner. With a thorough
analysis of important competitors, including market leaders, followers, and recent arrivals by region, the
report covers every facet of the industry. The analysis, Figure 1, of both internal and external elements
that could have a positive or negative impact on the firm will provide decision makers with a clear
picture of the industry's future.
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Figure 1. Global Wind Tunnel Market.
The simulation methods and visualization techniques employed in studying the airflow around airfoils
play a crucial role in understanding aerodynamic behaviors and optimizing the design of aircraft
components. This analysis involves a comprehensive examination of the strengths, weaknesses,
opportunities, and threats (SWOT) associated with these methodologies[4].
Simulation methods have emerged as powerful tools for comprehensively studying airflow around
airfoils. These strengths include the ability to provide accurate and detailed insights into the
aerodynamic behavior of airfoils. The strengths also encompass the cost-effectiveness of simulations,
allowing engineers to explore numerous design possibilities without the need for expensive physical
prototypes. Rapid prototyping capabilities facilitate swift iterations in the design process, enabling
engineers to refine airfoil shapes efficiently.
However, these simulation methods come with inherent weaknesses. Computational demands can be
substantial, requiring significant resources and potentially limiting accessibility for smaller projects or
organizations[5]. Validating simulation results against experimental data poses a challenge, as the
accuracy of these models depends on various factors and assumptions. The inherent complexity of
aerodynamic simulations may lead to oversimplifications, impacting the precision of results and raising
questions about the reliability of the obtained data.
Simultaneously, there are threats that must be addressed. Rapid technological changes may render
existing simulation methods obsolete, necessitating constant updates and investments in new software
or hardware[6]. The reliance on simulation could potentially lead to a decreased emphasis on
experimental validation, risking the oversight of critical aerodynamic phenomena that simulations might
not accurately capture. Additionally, cybersecurity threats to simulation data and models could
compromise the integrity of results.
In conclusion, this SWOT analysis provides a comprehensive overview of the multifaceted landscape
surrounding the simulation methods and visualization techniques employed in the study of airflow
around airfoils. Understanding these aspects is crucial for optimizing their benefits and mitigating
potential drawbacks in the pursuit of advancing aerodynamic research and design processes[7].
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Swot analysis of simulation methods and visualisation of airflow in subsonic wind tunnels

This scientific research contains concrete aspects aimed at strengthening research and innovation by
carrying out specific activities in the field of aerospace research. This involves continuous research,
finding new, modern, innovative solutions/processes that satisfy potential customers and through which
we can keep competitive with existing aerospace research institutes on the market[8]. We conducted a
SWOT analysis presented below. SWOT analysis is a strategic method used to assess internal and
external factors that can influence the success of an initiative or strategy[9]. In the case of improved
methods to simulate and visualise airflow around symmetric airfoils, the following aspects can be taken

into account in the SWOT analysis (see Tablesl to 4).
Table 1. SWOT analysis of simulation methods and visualisation of airflow around airfoils.

Strengths (Strong, S)

S. Strengths

Development/consolidation proposals

Si. Technical expertise - If
the organisation has well-trained
technical experts in aerodynamics and
simulations, this can provide a
significant advantage in developing
and implementing new methods.

Ongoing training programme: investing in the continuous
development of the technical team's knowledge and skills. Organising
workshops, seminars and training to keep them up to date with the latest
technologies and methods in the field.

Create multidisciplinary teams: Encourage collaboration
between experts from different fields, such as mathematics, physics,
software engineering and graphic design, to tackle the complex
challenges of simulations and visualisations.

S,. Financial resources - If
the organisation has adequate
financial resources, it can invest in
advanced simulation equipment and
software, which can lead to significant
improvements in existing methods.

Strategic investments: Identify key areas in the development of
methods and equipment. Invest in powerful computing equipment,
advanced software licenses and emerging technologies that can
accelerate the simulation and visualization process.

Seek external funding: Explore the possibility of obtaining
funding from external sources such as government research
programmes, grants or partnerships with academic and industrial
institutions.

Ss. Access to technology - If
the organisation has access to state-of-
the-art  technology, such as
supercomputers or 3D visualisation
equipment, it can significantly
improve the accuracy of simulations
and visualisations.

Partnerships with technology suppliers: Establish partnerships
with companies that provide cutting-edge technologies, such as
equipment or supercomputers, to gain access to the most advanced tools.

Test and development lab: Create a working environment
where the team can experiment with new technologies and develop
prototypes for innovative simulation and visualisation methods.

Table 2. SWOT analysis of simulation methods and visualisation of airflow around airfoils.

Weaknesses (Weak, W)

W. Weaknesses

Disposal measures

Wi. Lack of resources: If the
organisation has limited financial or
technical resources, the development
and implementation of new methods
may be slowed or restricted.

Effective budget planning: Prioritise the allocation of available
resources according to critical needs. Identify projects or activities with
the greatest potential for impact and allocate resources accordingly.

Seek additional funding: Seek additional sources of funding by
applying for grants, competitions or partnerships with organisations that
share similar interests.

W,.  Limited technical
knowledge: If the team does not have
sufficient experience in simulations or
aerodynamics, developing advanced
methods may be difficult.

Training and Development Programme: Implementation of
training and development programmes for the technical team. Need
external experts for specialised training sessions or facilitate learning
through online courses and educational resources.
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W. Weaknesses

Disposal measures

Ws. Reliance on outdated
software: If the organisation uses
outdated simulation software, this
could limit accuracy and the ability to
visualise results.

Software evaluation and upgrade: Evaluate the software
currently in use and identify newer and more advanced options available
on the market. Upgrading software to take advantage of newer features
and functionality.

Table 3. SWOT analysis of simulation methods and visualisation of airflow around airfoils.

Opportunities (O)

O. Opportunities

Development/fruitfulness measures

O Technological
advancement: New technologies,
such as  quantum-computational

simulations or visualization
technologies, can open  new
perspectives for improving

simulations and visualizations.

Monitoring trends: Continuous information on the latest
technological developments in simulation and visualisation. Attending
conferences, seminars and exhibitions to keep abreast of the latest
innovations.

Invest in emerging technologies: Identify emerging
technologies that could bring significant improvements in simulations
and visualisations. Invest in these technologies and develop prototypes
to assess their feasibility and potential.

O.. Increased demand in
industry: If there is increased demand
in the industry for accurate
aerodynamic analysis, developing
improved methods can provide a
competitive advantage to the
organization.

Development of new services and products: Identification of
market needs for aerodynamic simulations and visualisations.
Developing services or products that directly address these needs and
provide added value to customers.

Strategic partnerships: Working with industry customers to
develop customised solutions that meet their specific requirements.

O:s. External collaborations:
Collaboration with research
institutions or other companies in the
field can bring new ideas and
technologies into the organization to
improve simulation and visualization
methods.

Research partnerships: Establish partnerships with academic
and research institutions to access additional expertise and resources to
develop innovative solutions.

Collaboration with technology startups: Identify startups
developing complementary or innovative technologies in the field of
simulations and visualisations. Explore opportunities to collaborate to
combine expertise and resources.

Table 4. SWOT analysis of simulation methods and visualisation of airflow around airfoils. Threats

M

T. Threats

Mitigation/reduction/countermeasures

Ti. Competition: Other
organisations in the industry could
also develop advanced simulation
and visualisation methods, leading
to greater competitive pressure.

simulation and visualization methods and actively promote them to
differentiate from the competition.

innovative methods that outperform competitive offerings.

Differentiation of supply: Identify distinctive elements of

Developing competitive advantage: Investing in R&D to develop

To. Changing
regulations: Changes in
environmental or safety regulations
may require frequent adjustments
to simulations and visualisations,
increasing the complexity of the
process.

regulations. Allocate resources to ensure compliance with new
requirements.

easily adapted to regulatory changes so that the negative impact of these
changes on business is reduced.

Monitoring  regulations:  Continuously update  industry

Flexibility of systems: Develop systems and methods that can be
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T. Threats Mitigation/reduction/countermeasures
Ts. Technological Investing in innovation: Allocating resources to keep pace with
evolution: The field of simulations | technological change. Investing in research and development to keep
and visualisations is constantly | abreast of the latest technologies and methods.
evolving, which can make the Partnerships with research centres: Working with universities
methods developed today quickly | and research centres to access cutting-edge research and technology
obsolete. expertise.

In conclusion, the SWOT analysis of improved methods for simulating and visualising airflow around
symmetric airfoils provides a complex insight into the internal and external factors that may influence
the success of this initiative[10].

Strengths, (Table 1), such as technical expertise, financial resources, and access to technology, represent
solid foundations on which the organization can build to develop and implement more accurate and
efficient simulation and visualization methods. These can serve as competitive advantages that support
growth and innovation in aerodynamics[11].

On the other hand (Table 2), weaknesses such as lack of resources and limited technical knowledge
require attention and efforts to overcome. Investing in professional development, creating strategic
partnerships and managing resources effectively can help mitigate these weaknesses.

Identified opportunities, (Table 3), such as technological advancement, increased industry demand and
external collaborations, offer the organisation the potential to innovate and expand in a changing
environment. Developing emerging technologies, adapting services to market requirements and
establishing partnerships can lead to increased competitiveness and market share.

Threats, (Table 4) such as fierce competition, fluctuating regulations and the rapid pace of technological
development, are real challenges. However, by adopting a proactive, innovative and flexible approach,
the organisation can counter these threats and even turn them into opportunities for improvement and
growth.

Finally, SWOT analysis provides a solid basis for the development of an informed strategic plan. By
capitalizing on strengths, mitigating weaknesses, exploiting opportunities, and countering threats, the
organization can achieve significant improvements in methods for simulating and visualizing airflow
around symmetric airfoils and achieve long-term success in this area.

In conclusion, a SWOT analysis helps in understanding the current state and potential future
developments of simulation methods and visualization techniques for airflow around airfoils. It allows
for a balanced consideration of their strengths, weaknesses, opportunities, and threats, guiding
researchers and engineers in making informed decisions and improvements in the field of aerodynamics
and airfoil design.

Conclusion

The design and analysis of airfoils play a pivotal role in the field of aerospace engineering, influencing
the performance and efficiency of aircraft. To enhance the understanding and optimization of airflow
around airfoils, researchers and engineers rely on simulation methods and visualization techniques. A
comprehensive assessment of these tools through a SWOT analysis — examining their Strengths,
Weaknesses, Opportunities, and Threats — is imperative for advancing the accuracy, efficiency, and
applicability of aerodynamic studies.

Simulation methods, notably Computational Fluid Dynamics (CFD), have revolutionized the ability to
predict and comprehend complex airflow phenomena. These numerical techniques allow for the
simulation of fluid flow around airfoils, providing insights into aerodynamic forces and flow patterns.
Concurrently, visualization techniques such as Particle Image Velocimetry (PIV) and Pressure-Sensitive
Paint (PSP) offer a window into the invisible, enabling researchers to observe and interpret the dynamics
of airflow in a tangible manner.

This SWOT analysis aims to critically evaluate the current state of simulation methods and visualization
techniques in the context of airflow around airfoils. By dissecting the inherent strengths and weaknesses,
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identifying potential opportunities for improvement, and acknowledging the looming threats, this

analysis seeks to guide researchers and engineers toward a more informed and efficient exploration of

aerodynamic solutions.

As we delve into the realms of accuracy, computational efficiency, integration possibilities, and the

challenges posed by assumptions and validation, we will unravel the multifaceted landscape of

simulation methods and visualization techniques. The ultimate goal is to illuminate the path toward
advancements that not only deepen our understanding of aerodynamics but also foster innovation in
airfoil design, contributing to the ongoing evolution of aerospace technology.

The SWOT analysis of simulation methods and visualization techniques applied to airflow around

airfoils reveals a nuanced landscape with both opportunities for advancement and challenges to address.

In synthesizing the strengths, weaknesses, opportunities, and threats, several key takeaways emerge:

Strengths: Simulation methods, particularly Computational Fluid Dynamics (CFD), exhibit
commendable accuracy in predicting airflow patterns and aerodynamic forces. These techniques
provide a cost-effective alternative to traditional experimental approaches, offering valuable
insights into airfoil behavior. Advanced visualization tools, such as Particle Image Velocimetry
(PIV) and Pressure-Sensitive Paint (PSP), enhance our ability to observe and understand
complex flow phenomen.

- Weaknesses: Sensitivity to assumptions and computational resource requirements remain notable
weaknesses in simulation methods. The challenge of accurately validating simulations against
experimental data underscores the need for ongoing improvements. Furthermore, interpreting
complex simulation results and translating them into actionable design insights can be daunting,
especially for those not well-versed in the intricacies of fluid dynamics.

Opportunities: Continuous advancements in simulation technology, including algorithmic
enhancements and increased computing power, offer promising opportunities for improved
accuracy and efficiency. The integration of simulation methods with optimization processes
presents a pathway for refining airfoil designs rapidly. Collaborations across engineering
disciplines, such as coupling simulations with structural analyses, hold the potential for a more
holistic understanding of airfoil performance.

Threats: The validation and verification challenges inherent in simulation methods pose a threat
to the reliability of predictions. Relying solely on simulations without adequate experimental
validation may lead to misguided design decisions and compromise safety. Additionally, the
complexity of data interpretation, especially in multidimensional simulations, introduces
potential pitfalls that may hinder the effective use of simulation results.

In conclusion, the SWOT analysis underscores the importance of a balanced and judicious approach to
simulation methods and visualization techniques in the study of airflow around airfoils. While these
tools provide invaluable insights, researchers and engineers must remain vigilant about their limitations
and continuously seek opportunities for improvement. Collaborative efforts between academia and
industry, along with a commitment to validation and transparency, will be crucial in harnessing the full
potential of simulation methods and visualization techniques for advancing airfoil design and
contributing to the broader field of aerospace engineering.
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