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Abstract

Typical sound-absorbing materials happen to be of synthetic origin, have a high carbon
footprint, and harm human health. This motivates to look toward nature and propose
some 'green' materials to implement for noise control applications, which happens to be

the core of this study.

The study starts with discussing methodology to develop experimental facilities relevant
to sound absorbers. The density of sound absorbers is linked to their porosity, and in the
current study, it is measured by developing a density gradient column. Experimental
facilities are developed to measure the sound absorption coefficients and airflow
resistivity and validated with the results of standard experimental facilities. Thereafter,
two new natural materials from agro-forestry sources, nettle fibers, and areca nut leaf
sheath fibers, are thoroughly studied for their acoustical properties. Theoretical
simulations are performed to predict their sound absorption coefficients. The error
between the measured and predicted sound absorption coefficients is minimized by
performing inverse acoustical characterization. The effectiveness of inverse acoustical
characterization is improved by performing the simulations at different frequency
resolutions. A comparison of sound absorption coefficients of these materials is also
performed with commercial synthetic materials. Later on, an attempt is made towards
using green recycled materials as potential sound absorbers, and for that, two materials,
denim shoddy and waste jute fibers, are identified. The sound absorption coefficients of

these materials are measured by conducting a full factorial design of experiments, and



the measured results are compared with simulated ones. Further, the performance of
these materials is compared with commercial glasswool with same process parameters.
A theoretical equation is developed to estimate the noise reduction coefficient of these
materials and is experimentally validated. The study then progresses towards reporting
an alternate methodology to determine the random incidence sound absorption
coefficients. The steps consist of setting up and solving the modified Helmholtz equation
in the pressure acoustics and the poroacoustic domain. The solutions in the form of

oblique incident sound absorption coefficients are obtained by the finite element method.

The developed measurement facilities were found to produce results closer to the
commercial measurement facilities. The comparison of results obtained show that the
performance of denim shoddy fibers was found to be the best as compared to other green
materials studied, followed by waste jute fibers and nettle fibers. The areca nut leaf sheath
fibers were ranked fourth among the studied materials. When compared to commercial
glasswool, the studied materials show sufficient potential to be competitive for acoustic
purposes. The simulated random incident sound absorption coefficient for all these
materials provided a better visualization of their sound absorption coefficients in realistic

conditions.
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