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Numerical Simulation of Negative Magnus Force on a Rotating Sphere

Masaya MUTO™, Makoto TSUBOKURA and Nobuyuki OSHIMA

“! Division of Space and Mechanical Engineering, Hokkaido University
Kita 13 Nishi 8, Kita-ku, Sapporo, Hokkaido, 060-8628 Japan

Flow characteristics and fluid force on a sphere rotating along with axis perpendicular to mean air flow were
investigated using Large Eddy Simulation (LES) at two different Reynolds numbers Re, of 1.0x10* and 2.0x10°. As a
result of simulation, opposite flow characteristics around the sphere and displacement of the separation point were
visualized depending on the Reynolds number even though rotation speed according to the Reynolds number is the
same. When the sphere rotates at some specific rotation velocity and at Re, = 1.0x10", flow characteristics agree with
the flow field explained in the Magnus effect. While sphere rotates at the same rotation velocity while increasing Re, to
2.0x10°, separation point moves in opposite direction and wake appears in the different direction. The reason of the
negative Magnus force was discussed in terms of the boundary layer transition on the surface.
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Fig. 1 Ordinary Magnus lift in a uniform flow®
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Fig. 2 Geometry of computational domain
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Table 1 Physical and numerical condition

Density p [kg/m’] 1.205
Kinematic viscosity v [m%s] 1.5x10°
Inlet velocity U, [m/s] 341 67.114
Reynolds number Re, [-] | 1.0x10°  2.0x10°
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Fig. 4 Drag coefficient Cy, of sphere around drag crisis region
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Fig. 5 Averaged pressure coefficient on the sphere surface
0.6 .
0.4
~ 0.2 Present
O _ 4
O Rep=1.0x10" |
® Re,=2.0x10°
0
- Rep,
r = =7 — — Maccoll (1928)74.6x10*~1.1x10°"
02+ —-—-— Davies (1949) 9x10*
L Tsuji (1985)" 5.5x10°~1.6x10°
0.1 1 10

I
Fig. 6 Lift coefficient C_ of rotating sphere for different Re,



Fig.9 Averaged velocity distribution (Re, = 1.0x10*, 7"= 1.0)
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Fig. 10 Averaged pressure coefficient on the sphere surface
(Re, = 1.0x10", '=0.2)
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Fig. 11  Averaged pressure coefficient on the sphere surface
(Re, = 1.0x10", I"'=1.0)
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Fig. 14  Averaged velocity distribution (Re, = 2.0x10°, I'=1.0)
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Fig. 15 Averaged pressure coefficient on the sphere surface
(Re, = 2.0x10°, '=0.2)
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Fig. 16 Averaged pressure coefficient on the sphere surface
(Re, = 2.0x10°, I"=1.0)
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Fig. 19 Velocity distribution (Re, = 2.0x10%, /"= 1.0)
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Fig. 21 lso-surface of second invariance of velocity gradient (Re, = 2.0x10°, 7"=0.2)
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