Non-equilibrium thermodynamics modeling of complex fluids: From polymer melts to cement pastes

Abstract:
Despite not many people knowing its significance in our lives, rheology plays a crucial role in various aspects of everyday life, influencing numerous products and processes and even the functioning of living organisms. Rheology affects the food industry (mayonnaise, dough), the pharmaceutical industry (ointments), the plastics industry (polymer melts, polymer solutions), the construction industry (cement pastes, paints, plaster, other coatings), the personal care industry (Cosmetic pastes, toothpaste), the oil and gas industry (crude oil, natural gas multiphase flows, drilling fluids), and even the health sector (blood flow controls the transport of oxygen and nutrients, the immune system, etc.). In addition to improving our comprehension of rheological events, rheology opens the door for novel applications in domains ranging from biophysics to space exploration. Understanding rheological concepts and principles has allowed product development and process design in silico, thus facilitating enhanced product performance and quality. Such computational optimization necessitates the availability of accurate, trustworthy constitutive rheological models that can encode the actual physics in a mathematical model. In this presentation, we show how non-equilibrium thermodynamics can be used to derive thermodynamically admissible constitutive models that capture the rheological behavior of complex fluids and soft materials. We will delve into most of the above-cited industries by presenting constitutive models for polymeric systems, oil-in-water emulsions, blood, drilling fluids, and cement pastes, validated using rheological experiments and often complemented with atomistic molecular dynamics simulations. We will only be able to improve our knowledge of the fundamental physics governing the macroscopic properties of complex fluids and open the door for novel design approaches in material science and engineering if theory, experiments, and simulations work in tandem (to prevent empiricism).
