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Context of Industrial Noise
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Recognising growing evidence for public health 
concerns, the EU passed Directive 2002/49/EC - the 
Environmental Noise Directive (END) - to establish a 
framework for environmental noise planning and 
mitigation. 

The END’s objective is to establish a framework to 
assess the extent of environmental noise exposure as 
well as to define a common approach intended to 
avoid, prevent or reduce, the harmful effects, due to 
such exposure. 

The END sets out a cyclical process where strategic 
noise maps and noise action plans must be developed 
and delivered to the European Commission every five 
years. 



Context of Industrial Noise
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The next round of noise mapping requires member 
states to transition to the new Common Noise 
Assessment Methods in Europe (CNOSSOS-EU) 
methodology for the generation of Strategic Noise 
Maps (SNMs).

The CNOSSOS-EU methodologies specify 
requirements for road, rail, air, and industrial noise

To date there has never been any Strategic Noise 
Mapping (SNM) of Industrial Sites in Ireland

This will change in the future as requirements of 
the SNM become more rigorous. It should be 
happening already!



Common Sources of Industrial Noise
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Ventilation systems require movement of air in and 
out of the building. 

Turbulence in the airflow is the main source of noise 
from the system.

In addition, there may be mechanical noise from the 
fan entering the system.

Turbulence generated at the fan is the major source 
of noise but turbulence can also result from flow of 
the air as it passes through restrictions (duct 
terminations) or around obstacles (cooling coils). 
This noise is usually insignificant below ~8m/s

The noise is both tonal and broadband.



Duct acoustics
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As the air travels along the ductwork there are a number of ways in which the 
sound can lose energy. These include:

• Duct Wall Losses
• Duct Lagging and Lining
• Direction Changes
• Cross Section Changes
• Branching
• End Reflections
• Other attenuations (namely acoustic treatments)



Duct acoustics
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Traditional Silencers
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Significant blockage

Significant space requirement



Traditional Silencers
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Must be tuned to target frequency

Can suddenly break down or even make the situation 
worse!



What is a metamaterial?
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Some definitions:

A metamaterial is a human-made compound, a structured material engineered to 
achieve a response not available in nature and for which the model of an 
equivalent continuum can be defined.

A metasurface is a human-made planar structure (or a few-layers stack of planar 
structures) that exhibits an unconventional acoustic response at wavelengths 
longer (or much longer) than its thickness, and for which a macroscopic model of 
its surface properties is available.

In simple terms:
Previously unachievable acoustic performance with a complete physical and 
mathematical understanding of the underlying mechanisms



This is a hot topic!
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How does a metamaterial work?
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There are two primary approaches:

Energy absorption i.e. subtraction of the energy associated with the acoustic 
pressure perturbations by “trapping” and/or dissipation effects.

Energy redistribution achieved by modification of the directivity pattern of the 
acoustic field by means of scattering modifications.

Desirable characteristics for a metamaterial/metasurface:
• “Super absorbers”
• Low frequency absorption
• Sub-wavelength thickness
• Light weight devices
• Low profile devices



Energy Absorption
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Y. Tang, S. Ren, H. Meng, F. Xin, L. Huang, and T. Chen, “Hybrid acoustic metamaterial as super absorber for 
broadband low-frequency sound,” Nat. Publ. Gr., no. July 2016, pp. 1–11, 2017.

In this work, a novel class of 
subwavelength metamaterial based 
on lightweight sandwich panel with 
perforated honeycomb-corrugation 
core is presented. The design 
exhibits broadband absorption at 
low frequencies and excellent 
mechanical characteristics.

The holes of the micro-perforated panel (MPP) and 
the corresponding underlying cavities due to the 
presence of the honeycomb-corrugation hybrid 
(HCH) form a series of Helmholtz resonators.



Energy Absorption
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Rice, H., Goransson, P., Kennedy, J., 2018, 'Design of a kelvin cell acoustic metamaterial', International Conference 
on Noise and Vibration Engineering, Leuven, Belgium, 17-19 September

Many current metamaterials rely on 
anisotropic properties that result from 
the geometric structure of the 
material. 

In foams the acoustic behaviour is 
impaired by the random nature of the 
internal structure and the random 
distribution is a challenge to targeted 
design. 

With the Kelvin cell it is possible to 
introduce controlled structural 
anisotropy to the material; this is 
achieved through modifications to the 
basic isotropic cell.



Energy Absorption
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M. Yang, S. Chen, C. Fu, and P. Sheng, “Optimal sound-absorbing structures,” Mater. Horiz.,  vol. 4, no. 4, pp. 673–
680, 2017

In this work, a sound absorbing structure is presented which can be 
designed to fit an arbitrary absorption spectrum with the minimum 
allowed thickness.



Energy Absorption
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C. Chen, Z. Du, G. Hu, and J. Yang, “A low-frequency sound absorbing material with subwavelength thickness,” Appl. 
Phys. Lett., vol. 110, no. 22, 2017

Coiling space metamaterials 
have been proposed as 
dissipative media with proven 
sound absorption ability in 
combination with 
perforated/microperforated 
panels covering. 

In this case, a subwavelength scale structure is proposed which is made by coiling up two 
axially coupled tubes in series. 

This structure is used as intermediate layer of the absorbing material which includes a front 
panel with a square pore and a thin back wall



Energy Redistribution
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Y. Zhu, X. Fan, B. Liang, J. Cheng, and Y. Jing, “Ultrathin Acoustic Metasurface-Based Schroeder Diffuser,” Phys. Rev. 
X, vol. 7, no. 2, pp. 1–11, 2017.

In this work, an acoustic metasurface based on the 
classical “Schroeder Diffuser” is presented. 

It is about 1 order of magnitude thinner compared 
with the conventional Schroeder Diffuser.

Moreover, its hybrid structure, operating at 
multiple
optimal frequencies, exhibits a broadened 
frequency band.



Energy Redistribution
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Y. Li, X. Jiang, R. Li, B. Liang, X. Zou, and J. Cheng, “Experimental Realization of Full Control of Reflected Waves with 
Subwavelength Acoustic Metasurfaces” Key Laboratory of Modern Acoustics , MOE , Department of Physics , 
Imaging Technology Group , Beckman Institute University of Illinois at Current addres,” pp. 1–29.

This device is able to manipulate the wavefront
beyond the limits imposed by conventional materials, 
leading unusual refraction and reflection, i.e. breaking 
the Generalized Snell’s Law.

This can be achieved by providing suitable phase shift 
profiles, each of which can be obtained increasing
the sound path by means of curled channels.



Metamaterial Research at TCD
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2. Design for AM

4. Part Extraction
5. Post-Processing

1. Application – Acoustic Metamaterial Design

6. Testing

3. AM Process
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↓
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↓
International Funding 
(EU 2020, European Space Agency)



DENORMS is funded by the European Cooperation in Science and Technology 
(COST)

DENORMS activities were launched on 9th March 2016 for 4 years.

DENORMS aims at designing multifunctional, light and compact noise reducing 
treatments. In order to achieve this, DENORMS brings together skills and 
knowledge of the complementary, but still disconnected, communities of 
scientists working on acoustic metamaterials, sonic crystals and conventional 
acoustic materials across Europe and overseas.

Trinity College Dublin was an original participant and Ireland’s only partner in the 
network.


