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Linear Proportional Control of Flow Over a Sphere
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Abstract

In the present study, we reduce the drag and lift fluctuations of the sphere by providing a linear

proportional control. For this purpose, we measure the radial velocity along the centerline in the wake and

provide blowing and suction at a part of sphere surface based on the measured velocity. Zero-net mass flow
rate is satisfied during the control. This control is applied to the flow over a sphere at Re=300 and 425. We

vary the sensing location at 0.8d<x,<1.3d and find that the most effective sensing region coincides with the

location at which minimum correlation between the lift and sensing-velocity directions occurs. As a result, the

lift and drag fluctuations are significantly reduced.
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Fig. 2 Drag and lift coefficients of without control:
(a) time histories of drag coefficients (---,
Re=300; —, Re=425); (b) phase diagram of
lift coefficient at Re=300; (c) phase diagram
of lift coefficient at Re=425.
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Fig. 3 Drag and lift coefficients at Re=425: —,
without control; ---, with control. (a) Time
histories of drag coefficients; (b) time
histories of lift coefficients; (¢) phase
diagram of final state.
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Fig. 4 Correlation of the directions between the lift
and sensing velocity.
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Fig. 5 Time histories of drag and lift coefficients at
Re=300: —, without control; ---, with control.
(a) Cp; (b) Ci.
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