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Visualization of vortex structure transition at sphere wake
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In order to understand vortex structures and transition phenomena in the wake of a sphere at low Reynolds numbers region,
unsteady flow simulations were conducted focusing on the relationship between the Low mode and the High mode vortex
structures. Since the frequency ratio of the High mode to Low mode (H/L) is integer; the Low mode structure seems to be
made from aggregation of the High mode vortices. Two types of vortex structure (helical and alternative motion) are
visualized by using iso-surface of the second invariant. The results show the conditions of vortex formation are also related to

H/L.
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Fig.1 Schematics of vortex structures in a wake of a sphere
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(a) basic blocks
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(b) near the surface of a sphere

() Overview of simulation region (Pink: Inlet, Blue: Free outlet)
Fig. 2 Computational mesh for simulation of flow around a sphere
(structured grid)
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(@) \elocity vectors around the surface

(b) Surface pressure and stream lines

(c) Iso-surface of the second invariant around the sphere

(d) Contour of second invariant on the surface of the sphere
Fig. 3 Simulation results of flow around a sphere (Structured grid)
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(@ near the surface of a sphere

(b) Overview of simulation region (Pink: Inlet, Blue: Free outlet)
Fig. 4 Computational mesh for simulation of flow around a sphere
(unstructured grid)
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(b) Prism mesh + Tetra mesh
Fig. 5 Contour of the second invariant of the velocity gradient around a

sphere
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Fig. 6 Reynolds number dependence on shed vortex frequency and the
relationship between low and high mode frequencies in the wake of a
sphere
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Fig. 7 Power spectra of velocity fluctuation behind a sphere
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(a) Herical structure
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(b) Alternative structure

Fig. 8 Instantaneous velocity field in the wake of a sphere, measured by
multi hot wires (Experiment, Re = 2000)
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Fig. 9 Contour of instantaneous velocity (x-direction) and iso-surface of
the second invariant of velocity gradient (Simulation, Re = 3000)
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Fig. 10 Instantaneous velocity field in the wake of a sphere, measured by
multi hot wires (Simulation)
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(b) Re =3000
Fig. 11 Contour of the averaged velocity (x-direction) and iso-surfaces of
the second invariant of the velocity gradient around a sphere

¥ 12 |7 & 912 Re=3000 DIAIT, LTS AIFRMIEHHAIIE
LU AMBIEZR STV, 20D & 9 ZRfRBEDSE R <
LWV DIFTIERL, TR LEZ L 5 Ik mls 45 r—A
HLRERLNZ., Lo T, K10 DA THRLIZL D1, LVEf
L<FARDI2DITIE, FBRITITET 5 & 5 R R OMT 44T 5
VERH 5.

Low mode ifDMERTTEEAS 015 THDH Z &b, D
A TR TR C TR Cd B . A TRIOMRHTI XM/ STRF T 140
DIENTAAT -T2 2 & D5, IROKHEE 20 FEREETH S (T
FHECITMERITRER] 500 & TV, TROFHERLE 70 [BIfEE E T
T2, 20 (A& 70 [ITCIIR & 22253 e o 72) . Bl & L
TIXERSOfTch DM, IRy, HTo4—4—Tif
NS, FNAEEREBIEE LT, SE0EROL A T
W5, To& ZIEARY MVIERT OIS B2 G TR O
BRDHDEEZBND. STERG ORI, 15

% 26 AFERAEAEL VRO L

EEBES C09-3

TED S AZBAEEIR BB LA ) VAR BE RSN S

ZEIFTERUV, 5%, B A S HITIER L TINH OB
GUTOW TR TN E 720,

(b) Re =3000
Fig. 12 Iso-surfaces of the second invariant of the velocity gradient
around a sphere (Rear view)
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