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Abstract:

Turbulence modification by polymer additives can lead, for high molecular weight polymers present even in small concentrations of the order of tens of ppm, to sizeable drag reduction.  Despite a voluminous amount of research from its original discovery in the late 40s by Mysels and Tomms, and important applications like in the Alaskan pipeline, unresolved issues still remain. Here I will describe recent progress achieved thanks to Direct Numerical Simulations (DNS) of the turbulent channel flow of a dilute polymer solution modeled from first principles using independently evaluated (kinetic-theory-based , like the FENE-P, or network-based, like the Giesekus model) constitutive equations.  

Fully three-dimensional and time dependent simulations of viscoelastic turbulent channel flow have been carried out by our research group since more than a dozen years ago.  So far, the most important result was to show that the main effect of viscoelasticity is in increasing the size and coherence of the larger turbulent (vortical) structures in the flow that become with increasing viscoelasticity increasingly sluggish and ineffective in transferring momentum from the wall, thus resulting in drag reduction.  This presentation will focus in our most recent results, in data reduction and analysis of both large scale and small scale viscoelastic turbulence, in an effort to lead to possible ways for structurally-based, more efficient, low-dimensional models.  The more general implications of this work to the multiscale modeling of complex phenomena characterized by the presence of multiple scales of length and time are going to be underlined.
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Our research is concerned with the modeling and simulation of the interplay of flow processes and nonequilibrium thermodynamics in systems with a complex internal microstructure, where multiple length and time scales are important. Typical examples include the study of polymer and surfactant-induced turbulent drag reduction, blood flow circulation, thixotropy effects in aggregating concentrated suspensions, stress-induced migration and crystallization in polymers, free-surface flows in polymer processing, etc. Our hierarchical theoretical multiscale analysis starts from non-equilibrium thermodynamics considerations of the microstructure, which is obtained by modifying and extending in a thermodynamically consistent fashion models in the literature or generated directly from microscopic nonequilibrium Monte-Carlo simulations, as needed. Then, this microscopic information is linked to a thermodynamically consistent macroscopic continuum description. Last, but not least, specific predictions on particular processes are calculated  through the use of state-of-the-art computational facilities (parallel supercomputers) and the results are compared against experiments and evaluated using tools from nonlinear analysis (i.e., stability analysis, POD, chaos and bifurcation theory).  

