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Scientific report

Metamaterials are artificially engineered materials whose effective properties arise primarily from
their internal architecture rather than their chemical composition. Over the past two decades, they
have transformed the way researchers approach the control of waves and fields, including
electromagnetic, acoustic, elastic, and hydrodynamic phenomena. This EUROMECH colloquium was
conceived as a forum to assess the current state of the art, foster cross-disciplinary exchange, and
identify challenges that must be overcome to translate laboratory-scale concepts into real-world
technologies.

We brought together world-leading experts from the two fields—Fluid Flow Control and
Metamaterials—and provided a platform to foster collaboration and develop novel metamaterial
solutions for controlling fluid flow. We will introduce the concepts of architected materials and their
unprecedented properties to the Thermodynamics and Fluid Dynamics community, which is now
primarily linked to Applied Mathematics and specific fields of Engineering, including Aerospace, Civil,
Chemical, and Biomedical Engineering, which rarely interact with one another.



Altogether, there were 94 participants and 74 presentations & pitches. The list of participants is
given above; the full program is available on the colloquium website
https://euromech659.sciencesconf.org/program?lang=en. Besides, there was ample time for
informal stimulating discussions among the participants during the coffee breaks, lunches,
colloquium dinner, and social activity.

All the talks were formally separated into nine thematic sessions:
1. Introduction to Metamaterials and Flow
Metamaterials Beyond Flow
Noise Reduction
Aerodynamics and Porous Media
Acoustic Metabarriers and Surface Water Waves
Acoustic and Elastic Waves
Elastic Metamaterials
Application of Metamaterials
9. Poster Pitches and Discussions
We also had two brainstorming panels: (1) Fluid Flows and Metamaterials and (2) Metamaterials, an
Industry Pitches session.
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The submitted contributions reflect a strong balance between theory and practice in the two
mentioned fields. Many contributions emphasize multiscale modeling strategies that combine
analytical homogenization with high-fidelity numerical simulations and experimental validation.
Others focus on manufacturing routes, robustness, and scalability, which are essential for industrial
uptake. The colloquium also highlighted the increasing role of instabilities, nonlinearity, and tunability
in metamaterial design, moving beyond static, linear paradigms toward adaptive and multifunctional
systems.

1. Introduction to Metamaterials and Flow

This session focused on foundational frameworks for understanding and designing metamaterials
interacting with fluid flows. Contributions in this area addressed both aeroacoustic performance and
the broader implications of flow—structure coupling. Several presentations proposed general
theoretical frameworks for designing acoustic metamaterials, emphasizing the role of effective
boundary conditions and impedance-based descriptions. These approaches aim to bridge the gap
between microscale geometrical features and macroscale flow-induced noise behavior. By combining
asymptotic analysis with numerical simulations, the presentations demonstrated how carefully
designed surface architectures can suppress or redirect acoustic energy generated by turbulent flows.
Another key theme was the integration of flow physics into metamaterial concepts. The presented
works showed that accounting for mean flow, shear layers, and turbulence is essential for realistic
predictions. These contributions introduced subsequent sessions by establishing a common language
and set of tools for treating metamaterials in aerodynamic environments.

2. Metamaterials Beyond Flow

The largest thematic block of the colloquium explored metamaterials in regimes extending beyond
classical flow-related applications. The contributions covered mechanical, acoustic, and multiphysical
metamaterials with novel functionalities. A prominent topic was the exploitation of mechanical
instabilities, such as buckling and snap-through, to achieve extreme or switchable effective properties.
Multi-step auxetic metamaterials, for instance, were shown to exhibit controlled deformation
pathways, enabling negative Poisson’s ratios over large strain ranges. These designs challenge
conventional assumptions about material stability, reframing instability as a resource rather than a
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limitation. Other contributions addressed programmable and reconfigurable metamaterials, where
geometry and connectivity can be altered post-fabrication. Such systems enable on-demand tuning of
stiffness, band gaps, and wave-guiding characteristics. The studies emphasized both design algorithms
and experimental demonstrations, underscoring the feasibility of translating abstract concepts into
tangible prototypes. Overall, this session highlighted a shift toward adaptive, nonlinear,
multifunctional metamaterials that respond intelligently to external stimuli.

3. Noise Reduction

Noise reduction remains one of the most promising applications of acoustic metamaterials. The
colloquium contributions addressed both passive and hybrid strategies for mitigating unwanted sound.
Traditional porous materials were revisited through the lens of metamaterial design, with studies
demonstrating how hierarchical porosity and embedded resonant elements can significantly enhance
low-frequency absorption. These designs aim to overcome the thickness constraints that limit
conventional absorbers. Other works focused on metasurfaces for sound absorption and reflection
control. By spatially varying impedance at subwavelength scales, these metasurfaces can achieve
tailored acoustic responses, including broadband absorption and directional scattering. Importantly,
several contributions emphasized robustness and manufacturability, recognizing that real-world noise-
control solutions must perform reliably under varying environmental conditions. The session as a
whole highlighted the strong potential of metamaterials to revolutionize noise mitigation
technologies.

4. Aerodynamics and Porous Media

This thematic session explored the intersection of aerodynamics, porosity, and metamaterial design.
Porous media were shown to play a critical role in both aerodynamic performance and acoustic
behavior. Several contributions examined flow through engineered porous structures, highlighting
how pore geometry and connectivity influence pressure drop, flow stability, and noise generation.
These insights are particularly relevant for applications such as aircraft liners, ventilation systems, and
energy devices. Coupled aeroacoustic models were presented to predict sound generation and
attenuation in porous metamaterials under realistic flow conditions. The studies underscored the
importance of capturing multiscale interactions between flow turbulence and solid microstructure.
Overall, this session demonstrated that porous metamaterials offer a versatile platform for
simultaneously addressing aerodynamic and acoustic challenges.

5. Acoustic Metabarriers and Surface Water Waves

This session addressed the manipulation of acoustic waves and, in some cases, their coupling with
surface water waves. The concept of acoustic metabarriers emerged as a recurring theme, referring to
structures designed to block, redirect, or absorb sound in unconventional ways. Several studies
explored guided surface acoustic modes supported by structured interfaces. By tailoring the surface
geometry, the researchers demonstrated strong acoustic confinement, enabling efficient attenuation
or redirection of sound. These mechanisms were shown to be particularly effective at low frequencies,
where traditional acoustic treatments are often bulky or ineffective. Extensions of these ideas to
surface water waves highlighted intriguing analogies between acoustics and hydrodynamics.
Metastructured barriers were shown to influence wave dispersion and energy localization, suggesting
potential applications in coastal protection and wave-energy management. The contributions in this
session illustrated the power of cross-domain analogies and reinforced the idea that metamaterial
concepts can transcend traditional disciplinary boundaries.

6. Acoustic and Elastic Waves



The control of wave propagation lies at the heart of metamaterials research, and this section brought
together contributions addressing both acoustic and elastic waves in structured media. Several studies
have investigated band-gap formation, mode conversion, and wave localization in periodic and quasi-
periodic structures. Numerical techniques, including Bloch analysis and time-domain simulations, were
employed to map dispersion relations and identify regimes of interest. Nonlinear wave phenomena
also received attention, with presentations demonstrating how amplitude-dependent responses can
be harnessed for wave modulation and energy harvesting. These effects open new avenues for devices
that adapt dynamically to changing excitation conditions. By considering acoustic and elastic waves
within a unified framework, the contributions emphasized the shared physical principles underlying
diverse metamaterial systems.

7. Elastic Metamaterials

Elastic metamaterials formed a central pillar of the colloquium, with contributions spanning theoretical
modeling, numerical analysis, and experimental validation. The unifying objective was the control of
elastic wave propagation and structural response through architected microstructures. Several studies
have investigated locally resonant elastic metamaterials, in which embedded resonators create
frequency band gaps at wavelengths much larger than the unit-cell size. They demonstrated how
careful tuning of resonance frequencies and coupling mechanisms can yield broadband attenuation or
highly selective filtering of elastic waves. Other presentations focused on chiral and anisotropic elastic
metamaterials, which exhibit direction-dependent wave propagation and non-reciprocal behavior.
Such properties are particularly relevant for vibration isolation, seismic protection, and advanced
sensing applications. Experimental efforts showcased additive manufacturing as a key enabler for
complex elastic architectures. By combining 3D printing with in situ testing, the researchers validated
theoretical predictions and assessed the influence of manufacturing tolerances on performance.
Collectively, the contributions showed the maturity of elastic metamaterials as a research field with
clear pathways toward engineering implementation.

8. Application of Metamaterials

The final thematic session synthesized application-oriented contributions that spanned multiple
domains. These works demonstrated how metamaterial principles can be tailored to address specific
engineering problems. Applications included lightweight structural components with enhanced
damping, compact acoustic liners for transportation systems, and adaptive barriers for environmental
noise control. In each case, the studies emphasized performance gains relative to conventional
solutions. This section reinforced the message that metamaterials are transitioning from laboratory
curiosities to enabling technologies with tangible societal impact.

9. Poster Pitches and Discussions

The poster session served as a forum for early-career researchers and doctoral students. A wide
spectrum of topics was represented, reflecting the diversity of the participants’ backgrounds. Several
contributions focused on novel design methodologies, including topology optimization, inverse design,
and data-driven approaches for tailoring effective properties. These works sparked discussions on the
balance between computational efficiency and physical interpretability, as well as on the integration
of machine learning tools with classical physics-based models. Experimental advances were another
prominent theme. Posters showcased innovative fabrication techniques, including multi-material
additive manufacturing, micro-structuring at sub-millimeter scales, and hybrid assembly methods that
combine rigid and compliant components. Discussions emphasized practical challenges, including
manufacturing tolerances, repeatability, and the scalability of laboratory prototypes toward larger
systems.



Industry Pitches

Industrial participation was a key strength of the colloquium, reflecting the growing interest in
metamaterials from commercial stakeholders. They focused on practical challenges, performance
requirements, and pathways to market. The contributors emphasized scalability, cost, and reliability
as critical factors influencing adoption. Case studies illustrated how metamaterial concepts are being
integrated into products for noise control, vibration mitigation, and structural health monitoring.

This colloquium showcased the remarkable breadth and depth of contemporary metamaterials
research. From fundamental theory to industrial application, the contributions revealed a field that is
both scientifically rich and technologically relevant. Key trends include the embrace of nonlinearity and
instability, the integration of flow and multiphysics effects, and a growing focus on manufacturability
and robustness. Looking ahead, continued progress will depend on close collaboration between
disciplines, advances in fabrication, and sustained engagement with industry.

Video of the EUROMECH 659 colloquium: https://youtu.be/OiurYB1ut8A?si=IXcGmaCESFzF TC6

The topics discussed at the colloquium formed the basis for a review paper, accepted for publication
in the Nature Communications journal on January 27, 2026:

Avallone, F., Bosia, F., Chen, Y., Colombo, G., Craster, R., De Ponti, J. M., ... & Krushynska, A. O. (2025).
Metamaterials and Fluid Flows. arXiv preprint arXiv:2509.05371.
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