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In this study, investigation of flow around a ringt sphere at the high Mach and low Reynolds numBew was
conducted by direct numerical simulation. The satiohs were carried out by solving Navier-Stokesatipn on
boundary-fitted-coordinate-system with sufficiectaracy. The free-stream Reynolds number (basefieerstream
velocity, density and diameter of sphere) is s€800, the free-stream Mach number is set to betde2m@and 2.0. In
addition, non-dimensional rotation rate definedthy ratio of free-stream velocity and maximum stefaelocity is
set to between 0.0 and 1.0. As a calculation reseltclarified following pointsi) the vortex shedding is influenced by the
rotation rate and freestream Mach number, 2) utfteisupersonic condition, the vortex structureigsificantly reduced, (3 under
the subsonic condition, with increasing rotatioterthe drag coefficient is increased. On the otteand, under the supersonic
condition, drag coefficient is reduced by meansnafease of rotation rate, and (4 with increasireg{fstream Mach number the

change amount of lift coefficient due to rotatiecbmes reduced.
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Fig. 1 Computational grid: () close view; (b) far view.

Fig. 2 Coordinate system.
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Table 1 Analysis condition
Mach number
0.2 0.3 0.8 12 2.0

0.0 v v v v
;OU 0.2 v v
g 03 v v v v v
S 0.6 v v v v
2 08 v v v v
1.0 v v v v v
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Fig. 3 Rotational velocity vector on the surface colored with black
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Fig. 4 Time-averaged drag coefficient: (a) total; (b) pressure

drag coefficient; (c) viscous drag coefficient. X Giacobello et al.;

AXKurose & Komori; VNiazmand & Renksizbulut. Present study:
Il M030; ®M080; AM120; @M200.

F 29 MBMERAENEL VRO I L

E09-5
0.6r------- Pt S a
s : u :
.Q 1 ' ® o
S | - |
= 04r------- S b i e it Mt
8 Y
Qo 1¢
,‘E ) A
] 02 ””” ﬁ‘ ”””””””” AL ”””””””””
® .
! . .

SR S
0 0.2 0.4 0.6 0.8 1.0
Rotation rate

Fig. 5 Time-averaged lift coefficient: *Giacobello et al.;
A Kurose & Komori; ¥V Niazmand & Renksizbulut. Present study:
H M030; ® M080; A M120; @#M200.
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Fig. 6 Peak-to-peak oscillatory amplitude of the lift coefficient:
Giacobello et al.; AKurose & Komori; ¥V Niazmand &
Renksizbulut. Present study: EMO030; ® M080; A M120;
@ M200.
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Fig. 7 Strouhal number of the lift coefficitnt: > Giacobello et al.;
AKurose & Komori; V' Niazmand & Renksizbulut. Present study:
H M030; ® M080; AM120; @#M200.
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Fig. 8 Instantaneous vortical structure. Strucuture are identified using the normarized second invariant of a velocity gradient
2_ -4
tensor Q/u;, = 5.0x10™.
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Fig. 9 Classification of the type of flowfield
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Fig. 10 Instantaneous flowfield: pressure coefficient distribution and isosurface of normarized second invariant of a

velocity gradient tensor Q/u;, = 5.0x10"* are colored grey (M030).
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Fig. 11 Instantaneous flowfield: pressure coefficient distribution and isosurface of normarized second invariant of a velocity

gradient tensor Q/u;,>=5.0x10* are colored grey (M080).
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