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Abstract

The present study has numerically investigated two-dimensional laminar flow over a steadily rotating
circular cylinder with a uniform planar shear, where the free-stream velocity varies linearly across the
cylinder. It aims to find the combined effect of rotation and shear on the flow. Numerical simulations
using the immersed boundary method are performed for the ranges of —2.5<a<2.5 and (<K<(.2
at a fixed Reynolds number of Re=100, where a and K are respectively the dimensionless rotational
speed and velocity gradient. Results show that the positive shear, with the upper side having the higher
free-stream velocity than the lower one, favors the effect of the counter-clockwise rotation (a)>() but
countervails that of the clockwise rotation (a<0). Accordingly, the absolute critical rotational speed,
below which vortex shedding occurs, decreases with increasing K for a)>(, but increases for a<0.
The vortex shedding frequency increases with increasing a (including the negative) and the variation
becomes steeper with increasing K. The mean lift slightly decreases with increasing K regardless of
the rotational direction. However, the mean drag and the amplitudes of the lift- and drag-fluctuations
strongly depend on the direction. They all decrease with increasing K for a)(, but increase for a<0.
Flow statistics as well as instantaneous flow fields are presented to identify the characteristics of the
flow and then to understand the underlying mechanism.
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Fig. 1 Schematic diagram of uniform-shear
flow over a rotating circular cylinder
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Table 1 Flow conditions used in previous
studies. NA=numerical analysis, EM=
experimental measurement
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Table 2 Validation of the numerical method:
parametric study for uniform-shear flow
over a rotating circular cylinder at

a=—1.0, K=0.2 and Re=100
(B=0.1)
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Table 3 Validation of the numerical method:
comparison study for uniform flow over
a rotating circular cylinder at K=0
and Re=100 ( B=0.0125)

Kang et al. | Stojkovic ef al.
Present a 999)<5) (2002)(6)
a 1.0 2.0 1.0 2.0 1.0 2.0
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Fig. 2 Variation of St with a according to K
and B for the flow at Re=100
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Table 4 Critical rotational speeds, a;, and aj,

according to K and B for the flow at
Re=100. This shows that vortex shedding
occurs for a;,<a<a;, whereas otherwise

it does not
B 0.0125 0.05 0.1
K 0 0 0.1 0 0.1 0.2
a7, | -1.85 | -1.85 | -1.95 | -1.90 | -2.00 | -2.05
Gy, 1.85 1.85 1.70 | 190 | 1.75 1.60
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Fig. 3 Varations of C, and €, with a
according to K and B for the flow at
Re =100
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Table 5 Variations of €, with ¢ according to

K and B for the flow at Re=100,
provided by the Ileast-square fit for
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Fig. 4 Variations of (', and (', with o
according to K and B for the flow

at Re= 100
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Fig. 5 Mean pressure coefficient around the
cylinder surface according to o and

K for the flow at Re=100
{B=0.1). Note that (b) is the
enlargement of (a)
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Fig. 7 Instantaneous vorticity contours
at the time of the maximum
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flow at K=0.2 and Re=100
{B=0.1)
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