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Stabilizing Pipe Flow by Flattening the Velocity Profile
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It is important to control turbulence in industrial processes. Past experimental and numerical researches have shown that a turbulent puff in pipe flow can be
removed or delayed by flattening the profile of the upstream velocity because a flattened velocity profile causes the point of inflection on it to collapse. The
energy gradient theory has been developed to study turbulent transition, and the relevant studies have shown that turbulence arises due to the generation of
singularities in the flow field. In pressure-driven flows like the pipe flow, the point of inflection on the velocity profile leads to the appearance of a singular
point in the unsteady Navier-Stokes equation. In this study, the energy gradient theory is used to demonstrate why the point of inflection on the profile of
velocity of pipe flow is the critical point for generating turbulence. Then, it is shown how flattening the velocity profile leads to the elimination of the point
of inflection on the velocity profile of pipe flows to delay turbulent transition. It is also clarified why this technique is not effective at higher Reynolds

nnumber because the flattened velocity profile violates the criterion for flow stability relating to transition to turbulence
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