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i	ABSTRACT


This work describes the complete development of a two-dimensional phononic crystal (2D PnC) sensor for liquid mixture characterization. This research is divided into three distinct sections. The first part of this work involves creating a COMSOL Multiphysics model of the phononic-fluidic sensor to study acoustic wave propagation and sensor response through detailed simulations. The second section describ the optimization process followed by fabrication of the 2D phononic crystal, which features a square lattice of air holes inside a stainless steel matrix. The developed structure served for identifying different unknown liquid mixtures, including acetone–water, nickel chlo- ride–water, and sodium chloride–water solutions. In addition, the experimental measurement of the acoustic transmission spectra led to the development of calibration curves for each mixture, which enables concentration identification. Moreover, this study evaluates the sensor performance through measurements of sensitivity and quality factor (Q-factor). The third section of this research involves creating a graphical user interface (GUI) to support real-time data acquisition and analysis. The interface underwent testing, which confirmed its reliable operational performance.

RéSUMé


Ce travail décrit le développement complet d’un capteur à cristaux phononiques bidimension- nels (2D PnC) pour la caractérisation des mélanges liquides complexes. Cette recherche se divise en trois sections principales. La première partie inclut la création d’un modèle en utilisant COM- SOL Multiphysics pour ce capteur acoustique afin d’étudier la propagation des ondes sonores et la réponse du capteur à travers une simulation détaillée. La deuxième section décrit le processus d’optimisation qui a suivi la fabrication de la structure phononique bidimensionnelle, caractérisée par un réseau carré de trous à l’intérieur d’une matrice en acier inoxydable. Ce capteur a été utilisé pour identifier des concentration des mélanges liquides inconnus, y compris le mélange acétone- eau, le mélange chlorure de nickel-eau et le mélange chlorure de sodium-eau. De plus, les mesures expérimentales du spectre de transmission acoustique ont conduit au développement de courbes d’étalon- nage pour chaque mélange, permettant ainsi de déterminer la concentration. Cette étude a également montré les performances du capteur à travers des mesures de sensibilité et du facteur de qualité (Q-factor). La troisième section a inclus la création d’une interface utilisateur graphique (GUI) pour soutenir la collecter et analyser les données en temps réel. L’interface a été testée, confirmant ainsi ses performances opérationnelles fiables.

ﺍﻟﻤﻠﺨص


ﻳﺼﻒ ﻫﺬﺍ ﺍﻟﻌﻤﻞ ﺍﻟﺘﻄﻮﻳﺮ ﺍﻟﺸﺎﻣﻞ ﻟﺠﻬﺎﺯ ﺍﺳﺘﺸﻌﺎﺭ ﺑﻠﻮﺭﺓ ﺻﻮﺗﻴﺔ ﺛﻨﺎﺋﻴﺔ ﺍﻷﺑﻌﺎﺩ ﻟﺘﻮﺻﻴﻒ ﺍﻟﺨﻠﻄﺎﺕ ﺍﻟﺴﺎﺋﻠﺔ. ﻳﻨﻘﺴﻢ ﻫﺬﺍ
ﺍﻟﺒﺤﺚ ﺇﻟﻰ ﺛﻼﺛﺔ ﺃﻗﺴﺎﻡ ﺭﺋﻴﺴﻴﺔ. ﺍﻟﺠﺰء ﺍﻷﻭﻝ ﺗﻀﻤﻦ ﺇﻧﺸﺎء ﻧﻤﻮﺫﺝ ﺑﺎﺳﺘﺨﺪﺍﻡ  Multiphysics COMSOL  ﻟﻬﺬﺍ ﺍﻟﺠﻬﺎﺯ
ﺍﻻﺳﺘﺸﻌﺎﺭ ﺍﻟﺼﻮﺗﻲ ﻟﺪﺭﺍﺳﺔ ﺍﻧﺘﺸﺎﺭ ﺍﻟﻤﻮﺟﺎﺕ ﺍﻟﺼﻮﺗﻴﺔ ﻭﺍﺳﺘﺠﺎﺑﺔ ﺍﻟﻤﺴﺘﺸﻌﺮ ﻣﻦ ﺧﻼﻝ ﻣﺤﺎﻛﺎﺓ ﻣﻔﺼﻠﺔ. ﺍﻟﻘﺴﻢ ﺍﻟﺜﺎﻧﻲ ﻳﺼﻒ ﻋﻤﻠﻴﺔ ﺍﻟﺘﺤﺴﻴﻦ ﺍﻟﺘﻲ ﺗﻠﺘﻬﺎ ﺗﺼﻨﻴﻊ ﺍﻟﺒﻠﻮﺭﺓ ﺍﻟﺼﻮﺗﻴﺔ ﺛﻨﺎﺋﻴﺔ ﺍﻷﺑﻌﺎﺩ، ﻭﺍﻟﺘﻲ ﺗﺘﻤﻴﺰ ﺑﺸﺒﻜﺔ ﻣﺮﺑﻌﺔ ﻣﻦ ﺍﻟﺜﻘﻮﺏ ﺍﻟﻬﻮﺍﺋﻴﺔ ﺩﺍﺧﻞ ﻣﺼﻔﻮﻓﺔ ﻣﻦ ﺍﻟﻔﻮﻻﺫ ﺍﻟﻤﻘﺎﻭﻡ ﻟﻠﺼﺪﺃ. ﺍﺳﺘﺨﺪﻡ ﻫﺬﺍ ﺍﻟﻤﺴﺘﺸﻌﺮ ﻟﺘﺤﺪﻳﺪ ﻣﺨﺘﻠﻒ ﺍﻟﺨﻠﻄﺎﺕ ﺍﻟﺴﺎﺋﻠﺔ ﻏﻴﺮ ﺍﻟﻤﻌﺮﻭﻓﺔ، ﺑﻤﺎ ﻓﻲ ﺫﻟﻚ ﺧﻠﻴﻂ ﺍﻷﺳﻴﺘﻮﻥ ﻭﺍﻟﻤﺎء، ﻭﺧﻠﻴﻂ
ﻛﻠﻮﺭﻳﺪ ﺍﻟﻨﻴﻜﻞ ﻭﺍﻟﻤﺎء، ﻭﺧﻠﻴﻂ ﻛﻠﻮﺭﻳﺪ ﺍﻟﺼﻮﺩﻳﻮﻡ ﻭﺍﻟﻤﺎء. ﺑﺎﻹﺿﺎﻓﺔ ﺇﻟﻰ ﺫﻟﻚ، ﺃﺩﺕ ﺍﻟﻘﻴﺎﺳﺎﺕ ﺍﻟﺘﺠﺮﻳﺒﻴﺔ ﻟﻄﻴﻒ ﺍﻻﻧﺘﻘﺎﻝ ﺍﻟﺼﻮﺗﻲ
ﺇﻟﻰ ﺗﻄﻮﻳﺮ ﻣﻨﺤﻨﻴﺎﺕ ﺍﻟﻤﻌﺎﻳﺮﺓ ﻟﻜﻞ ﻣﺰﻳﺞ، ﻣﻤﺎ ﻣﻜﻦ ﻣﻦ ﺗﺤﺪﻳﺪ ﺍﻟﺘﺮﻛﻴﺰ. ﻛﻤﺎ ﺑﻴﻨﺖ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺃﺩﺍء ﺍﻟﻤﺴﺘﺸﻌﺮ ﻣﻦ ﺧﻼﻝ ﻗﻴﺎﺳﺎﺕ
ﺍﻟﺤﺴﺎﺳﻴﺔ ﻭﻋﺎﻣﻞ ﺍﻟﺠﻮﺩﺓ .(Q-factor) ﺍﻟﻘﺴﻢ ﺍﻟﺜﺎﻟﺚ ﺗﻀﻤﻦ ﺇﻧﺸﺎء ﻭﺍﺟﻬﺔ ﻣﺴﺘﺨﺪﻡ ﺭﺳﻮﻣﻴﺔ (GUI) ﻟﺪﻋﻢ ﺟﻤﻊ ﺍﻟﺒﻴﺎﻧﺎﺕ ﻭﺗﺤﻠﻴﻠﻬﺎ
ﻓﻲ ﺍﻟﻮﻗﺖ ﺍﻟﻔﻌﻠﻲ. ﺧﻀﻌﺖ ﺍﻟﻮﺍﺟﻬﺔ ﻟﻼﺧﺘﺒﺎﺭ ﺍﻟﺬﻱ ﺃﻛﺪ ﺃﺩﺍﺋﻬﺎ ﺍﻟﺘﺸﻐﻴﻠﻲ ﺍﻟﻤﻮﺛﻮﻕ .
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Phononic crystals (PnCs) represent a class of artificially structured materials, designed to con- trol, manipulate, and direct the propagation of acoustic waves through periodic arrangements of elastic materials with different acoustic properties [1-3]. The distinct feature of phononic crystals is their ability to exhibit phononic bandgap, a frequency ranges within which wave propagation is prohibited [4].
Phononic crystals can be classified based on their dimensionality into one-dimensional (1D), two-dimensional (2D), and three-dimensional (3D) structures [5-8]. 1D phononic crystals have periodicity along a single axis, are typically formed by alternating layers of materials, and are used in simple acoustic filters and reflectors. 2D phononic crystals feature periodic patterns in a plane—such as arrays of holes or rods—and are widely applied in sensors, waveguides, and sound isolation devices. 3D phononic crystals exhibit periodicity in all three spatial directions, offering complete control over acoustic wave propagation and enabling full band gaps, making them ideal for advanced sensing and vibration control applications. These specific properties make them highly suitable for applications in sound insulation, frequency filtering, and sensing technologies[9-11].
One of the challenging applications is their exploitation for sensing purposes, for example, for monitoring, controlling and measuring volumetric properties of complex liquids. For this purpose, Lucklum and Li proposed a phononic-fluidic cavity sensor [12]. In contrast with classical resonant sensors [13-16], e.g. quartz crystal microbalance (QCM), surface acoustic wave (SAW), and flexu- ral wave plate (FWP), the phononic-fluidic is able to measure bulk properties of liquids, not surface ones.
Moreover, accurately determining volumetric properties such as density and sound velocity is crucial for the precise characterization of complex mixtures. In this context, we conduct a research project on measuring in real-time the bulk properties of complex liquids such as acetone–water, nickel chloride–water and sodium chloride–water.
This dissertation is structured into four main chapters. Chapter I introduces the fundamental concepts of acoustic waves and phononic crystals, their classifications, and their technological ap- plications, with a particular focus on liquid sensing using phononic-fluidic structures. Chapter II presents a detailed numerical study of a phononic-fluidic sensor using COMSOL Multiphysics, in- cluding geometry design, simulation of wave propagation, and analysis of transmission spectra for various liquid mixtures. Chapter III focuses on the experimental design, fabrication, and testing of 2D phononic crystal sensors, with validation through acoustic transmission measurements and per- formance evaluation for different liquid mixtures. Finally, Chapter IV describes the development of a custom graphical user interface (GUI) to facilitate real-time control, data acquisition, and analysis of the phononic sensor, enhancing its usability for practical sensing applications.
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