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Abstract

This work describes the methodology and limitations found in the design and development of
piezoelectric transducers for applications in fluids with COMSOL Multiphysics. In these linear
models for the acoustic-structure interaction approximate numerical solutions have been obtained. In
order to perform the calculations, simplifications are only valid for low-power sound waves. When
different physical systems interact with each other, the solution of one of them cannot be obtained
independently without the simultaneous solution of the other, since the forces acting at the interfaces
are unknown. These systems are known as coupled systems. Numerical modeling of piezoelectric
transducers implies coupling the physics associated with piezoelectric elements, structural elements
and fluid elements (with different degrees of freedom), resulting in complex models with difficult
convergence. The selection of appropriate mesh refinement, boundary conditions and configuration
parameters of the calculation methods is of great importance to obtain the numerical result. The use
of high-intensity ultrasound to improve mass transfer efficiency in fluids under supercritical
conditions, is presently a novel technique for the extraction of natural products [1]. To scale up the
extraction system, a new transducer with a plate radiator has to be designed to get higher power
capacity. Additional requirements for the new type of transducer are high quality factor, high
efficiency and stable performance under power operation. The analysis of the physical connection
between the piezoelectric and structural mechanics of the transducer and the fluid media (linear
elastic with attenuation model and equivalent Biot model for porous media) will provide a precise
knowledge about the dynamic response of the transducer. The numerical model show the
transducer response and distribution of pressure, acoustic intensity and sound pressure levels (SPL)
in the fluid medium and on the sample to be treated (porous material) inside the container-extractor.
This is important for know the kinetic process of extraction [2]. Figure 1 shows the distribution of
pressure inside the extractor and the SPL obtained in a 2D axisymmetric numerical model of the
transducer with optimized plate radiator. By modeling the interaction of acoustic field with
piezoelectric radiating structure,it has been possible to develop a new transducer design of a circular
stepped or grooved plate transducer taking into account the effect of the fluid load. Such ultrasonic
device has been designed specifically to optimize it's performance in the process of supercritical
fluid extraction, considering the influence of the environment in the dynamic response of the
transducer. The transducer geometry studied for this application has increased the amplitude of
displacements of the vibrating plate getting more radiation to the environment. The developed
models of the transducer allowed the energy radiated in the container to be improved as well as to
modify the geometry of the transducer to separate unwanted vibration modes close to the tuned



resonance mode. The vibration modes of the container (where the transducer is placed) have been
also explored to check potential interactions with the tuned mode [3].
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