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A B S T R A C T

Two-dimensional flow around semi-circular cylinder at zero angle of attack and at Re ¼ 50000 during the self-
oscillatory regime has been extensively studied within the URANS method with the use of different-structure
grids (multiblock, structured overlapping, unstructured composite), the SST turbulence model and its versions
(1993) and (2003) considering the streamline curvature influence modified within the Rodi–Leschziner–Isaev
approach and numerical different-approximation methods realized in two codes (VP2/3, Fluent). Experiments
have been made on flow around a semi-circular cylinder in the wind tunnel of the Lomonosov Moscow State
University, Institute of Mechanics to obtain data for verification of numerical predictions. The double-mode
character of a periodic time history of a drag force caused by a periodically forming and disappearing jet flap
and acting upon a body is explained. With increasing compressibility at a Mach number ranging from 0 to 0.5, it is
observed that periodic flow around the semi-circular cylinder is restructured, and the time history of the drag
force acting upon it is described by a dependence close to a sinusoidal one. It is found that, as the Mach number is
increased, pressure field distortions in the form of concentric cylindrical waves propagating from the semi-circular
cylinder and the vortex street behind it grow over the infrasonic range.

1. Introduction

One of the actual problems of ensuring safe descend of rocket stages is
associated with predicting the behavior of reusable rocket stages [1], for
solution of which it is necessary to assess their aerodynamic character-
istics. To calculate these characteristics with the use of modern software
and to verify the turbulence models chosen, test problems have been
solved. The present article deals with numerical and physical modeling of
subsonic air flow around semi-circular cylinder at zero angle of attack
and moderate Reynolds and Mach numbers.

Recent interest in turbulent flow around such a cylinder [2] is caused

by a specific behavior of its time-averaged aerodynamic characteristics at
the angles close to the zero angle of attack α. It has appeared that at
α ¼ 0� the lift coefficient Сy takes a low peak value (of the order of �1)
and at small deviations of α from zero, Сy sharply increases. The reason
for such a behavior is stimulated by restructuring the Сy oscillation
period-averaged vortex pattern of flow around the semi-circular cylinder
[3] related to the movement of the attachment point of the flow sepa-
rated from the leading edge of such a cylinder in the vicinity of its
trailing edge.

The semi-circular cylinder can also be considered as a thick (50% of
the chord) airfoil. In this respect, growing interest in such a cylinder can
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