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Controlling laboratory-generated turbulence: effects of jet driving algorithm on scale separation, homogeneity and isotropy
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Turbulent flows are commonly found in environmental settings and industrial processes. It is therefore of great interest to generate turbulence in the laboratory to study its fundamental physics in a controlled way. Environmental turbulence is generally anisotropic and non-homogeneous (that is, statistical properties depend on direction and position when measured), with a nontrivial mean flow underlying turbulent fluctuations. However, laboratory turbulence facilities are often designed to generate homogeneous and isotropic turbulence with zero mean flow, allowing for a broader generalization of results. Recently developed facilities have relied on synthetic jets (i.e., jets which provide momentum injection without adding net mass to the system), using multiple designs and jet-driving algorithms to achieve isotropy and homogeneity while minimizing secondary-scale circulations inside closed volumes. It is clear that the method and spatiotemporal arrangement of energy injection strongly affects the resulting flow properties, but these effects have not yet been systematically quantified, especially at different timescales. We investigate the effects of energy injection timescale on homogeneous and isotropic turbulence properties, varying the source fraction (number of jets firing at a given time) and the jet power (using pulse width modulation) inside a closed tank with the objective of maximizing fluctuating velocities and minimizing large-scale mean flows. Our goal is to develop generalizable relations that will provide insight into the role of forcing timescales in turbulence production, allowing experimentalists to optimize the design laboratory-generated turbulence facilities.
Email address for correspondence: afa6755@psu.edu
