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The Computational Modelling
in the Prediction of Flow Past a Rotating Sphere at High Reynolds Number.
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Abstract

This study aims to predict the turbulent flow past a stationary and rotating spheres at
Reynolds numbers of 10,000, 70,000, 96000, 134,000 and 583,000; these have been sub-,
critical and  super- critical Reynolds number ranges corresponding to the wall and wake

boundary layer structures. In case of the rotating sphere, the rotational velocity has been

normalized as spin ratio (OL: the proportional tangential wall velocity to uniform flow velocity)
up to 5; the result has provided the beneficial scientific information about the Magnus effect for
the aerodynamic area. The turbulence governing equations have been implemented in the set
of computational models, including the high Re k-¢ turbulence models (with linear and
quadratic eddy viscosity terms) and the Reynolds Stresses Equation combination with standard
wall function. The laminar approach has also been employed when the turbulence models
provide less accurate at the laminar to turbulence transition behavior.

The predicted results have been presented in the good agreement with the
corresponding experimental data, the rotational sphere causes to generate the positive Magnus
force, including the lift and drag forces. Moreover the small magnitude of the side force is found
and produces the 3-dimensional flow along the flow domain. The magnitudes of aerodynamic
forces have related to the pressure distributions around the sphere, which present the symmetric
and asymmetric patterns for zero and non-zero of lift coefficient. Whenerver, sphere become
rotating, the stagnation, separation and re-attachment positions on the curvature surface have
been translated; the suction pressure and separation  positions definitely shift in the same
rotating direction as opposed to the stagnation point. The viscous force has also been to produce
the moment around the rotating centre, but it is very small, and can be neglected at low spin
ratios. The skin friction lines can be also created from those of them to confirm the critical
points of the boundary layer. In order to enhance the understanding of the turbulence models
capability, the high Re k-g€ turbulence models produce a small discrepancy result with the
Reynolds Stresses Equation in the stationary sphere, whereas the consistency results between
both of them have been found in the rotating sphere test cases, the turbulence models have

been competent enough in this prediction.
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