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Characteristics of Flow past a Sphere in Uniform Shear

Dongjoo Kim, Hyungseok Choi and Haecheon Choi

Sphere(7), Uniform Shear(z* & % &

&), Hairpin Vortex(™ 2] ¥ 2. QF 1 B ~)

Abstract

Numerical simulations are performed to investigate the characteristics of flow past a sphere in uniform
shear. The Reynolds numbers considered are Re=300, 425 and 480 based on the inlet center velocity and
sphere diameter. The non-dimensional shear rate K of the inlet uniform shear is varied from O to 0.15. At
Re=300, the head of the hairpin vortex loop always locates on the high-velocity side in uniform shear, and the
flow maintains the planar symmetry. At Re=425 and 480, the irregularity in the location and strength of the
hairpin vortex appearing in uniform inlet flow is much reduced in uniform shear, but the flows still keep the
asymmetry for most inlet shear rates. However, in the cases of K=0.075 and 0.1 at Re=425, the flows become
planar symmetric and their characteristics of the evolution of the hairpin vortex loops are different from those
of asymmetric flows. A hysteresis phenomenon switching from the planar symmetry to the asymmetry (or
vice versa) depending on the initial condition is also observed at Re=425.
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Fig. 1 (a) Computational domain and coordinate
system; (b) mesh near a sphere.
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Table 1 Simulation results for flow over a sphere with
uniform inlet flow. Here, C, and C, are the

time-averaged drag and lift coefficients, respectively.

Re | St | C, | C
300 | 0.134 | 0.660 | 0.066
Present 425 | 0.143 | 0.587 | 0.060
480 | 0.147 | 0.565 | 0.053
1]
Johnson 2 Patel | 306 | 137 | 0.656 | 0.069
Constantinescu
300 | 0.136 | 0.655 | 0.065
9} Squires'”
300 | 0.134 | 0.657 | 0.067
. -(10)
Kim %} Choi 425 | 0.141 | 0.587 | 0.061
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Fig. 2 Vortical structures and phase diagram for
Re=300 and K=0.15: (a) instantaneous vortical
structures; (b) phase diagram of the lift coefficients

(C,,C.).
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Fig. 3 Instantaneous vortical structures for Re=425 (top
view): (a) K=0; (b) K=0.05; (c) K=0.075; (d) K=0.1; (e)
K=0.125; (f) K=0.15.
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Fig. 4 Phase diagram of the lift coefficients
(Cy,CZ) : (a) K=0.05; (b) K=0.1.
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Fig. 5 Time sequence of instantaneous vortical
structures for Re=425 (side view): (a) K=0.05;
(b) K=0.1.
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Table 2 Flow regimes depending on the Reynolds
number and the shear rate at inlet. A and P denote,
respectively, asymmetric and planar-symmetric flows.

K

0 | 005|075 0.1 |0.125] 0.15
300 P P P P P P
Re | 425 | A A P P A A
480 | A A A A A A
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Fig. 6 Instantaneous vortical structures for Re=480
(top view): (a) K=0; (b) K=0.05; (c) K=0.075; (d)
K=0.1; (e) K=0.125; (f) K=0.15.
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Fig. 7 Variations of the time-averaged drag and
lift coefficients with the inlet shear rate for
Re=300, 425 and 480: (a) Cd ; (b) CI L—
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