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A small amount of additives (particles, polymers, and so on) can affect flow
states. The objective of the present study is to obtain the fundamental understanding of this
interesting phenomenon. First, we performed many direct numerical simulations of turbulence
attenuation by solid particles to clarify the physical mechanism through thorough data and
theoretical analyses. Then, we derived the conditions under which the attenuation occurs and the
formulas that give the degree of the attenuation. We also conducted direct numerical simulations and
experiments on turbulence modulation by the addition of polymers and surfactants, and clarified the
conditions for the attenuation of turbulence intensity. Furthermore, we conducted microscopic
simulations to clarify the effect of the flow on the statistical properties of molecules in order to
understand the turbulence modulation caused by the addition of molecules.
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