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Numerical Simulation of Flows Past Two Spheres (II)
-Two Spheres Arbitrarily Positioned-
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Abstract

In this investigation, we studied the wake interactions incurred by two nearby spheres at Re=300.
We considered all possible arrangements of the two spheres in terms of the distance between the
spheres and, the angle inclined with respect to the flow direction. It turns out that significant changes
in shedding characteristics are noticed depending on how the two spheres are positioned. In this study,
not only quantitative changes in the key physical parameters such as force coefficients and shedding
frequencies, but also qualitative changes in shedding patterns are analyzed and reported.
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Fig. 6 Flow characteristics at Re =300, l/d=1.06
and 6=2905°: (a) pressure coefficient
contours; (b) streamlines on the conter
plane; (c) vortical structure[contours of
Q=0.0017]

X

o ol FgEAFY FEATAME UM
o Va7t 050182 A FE u bifurcationol] 2
3] xzGHo] g gl AlgA e FA4F9
FHF Ho o f Fx7F e EAS AUA &
o} Vd7b 030] HW xzE W tdk ujgiE Aol
g2 A, FHT Foae ¢

o] AT
HolAe] gEr opA Fet o] JF
of FAFe FAFAA nlwH 2 FolE B

o},

32 e "H[AFs =0z

1/d=1.06, §=29.05"¢ A$ FF5FL& 429 F
Hol A 1748 AujAd JAF5FE 74 F713
9 Z 9 (Unsteady Periodic Coupled wake with
Single freq., UPCS)& ©]¥Th Fig. S5(a) TAHT
of FRF FAASTE e SAHH H
FHAFE FATAM 0.676, THTFANA 0.620

1317

©
3

© 0.67 2
5 . &
2 SN o
B S s
2 b
2 =
g 066 3
= =
B =
= &
2 2
o) ) <
0.6 - - 65 O

. 160 780 >

926 [T 5

-0.025

0
3
»
B S
= L E
g A 3
s 0.075 E
2 3
"‘: “
® £
U <
p — -0.125
qZO 140 . 160 180 5
Time
I8
(b)

Fig. 7 Force coefficients at He =300, l/d=1.97
and 6=45°: (a) drag coefficients of
the two spheres; (b) lift coefficients of
the two spheres; , main sphere;

AAAAAAAAA , surrounding sphere

de XX

Jtoll A 0.038, FHT
Hela AysHE

o] os] A JNE
Ak EAH s FAT
0.1480t}.  Fig.  6(a)c

JLCT | e AU T S e
S NG [

L
N
rE
o
td
—n

G=(p-p.)/hot? 2 A2 A GAATY T2
e vehith FAT FHAAS FEE ot
%o o) oA 2 A& B F JeH FUT
FolME A% o] ofgfFe ¥R 3
o} Fig. 60b)Y x-yBHAA 48 vepd a¥
oy FAT H oFE FAF AFA 2 9
71 gAF A ¥stA gon FAFeM e
obfZol 2 fF7F FAET o Wl FTAT
dre AFor FHo] A FATAM=
olgfzzog ool AT Fig. 6(c) 3AY
SFTze vEd agolth FHTIE SAT
ol FAstE FHA FojE 4L & T
T oA TAGE oEHo] AAdY BEF xy
Hol] diste] A frEolth



1318

o
ot
]

(®)

Surrounding sphere

©)
Fig. 8 Flow characteristics at He =300, //d=1.97
and 6=45": (a) pressure coefficient

contours; (b) streamlines on the center
plane; (c) vortical structure[contours of
Q=0.001%%]

Va=197, 6=45° A A% fFE< FTAT HA
Tt UlY AuAd JFFE B FU1HA 94F
H(Unsteady Periodic Coupled wake with Single
freq, UPCS)E o] A% FHT FHolXx= 2740]
e AFTE 712 BF71AA 9E H(Unsteady
Non-periodic Coupled wake, UNC)& ©]&t}. Fig.
TWE FATFS FUTe FAATEIhIY 5
49 BF FAASE FUTAHN0.676, FHTol
A 06600tk HIF1 AL TR A BE B
A5 FAASE HEFIN 1Y Re A5
F9 237709 U@ ABFFeR Tarch
Fig. 7(b)y= ¥EATE Yetdy SAFdA=
1709] AWAA AF5E /A AR FH FolA
= 270 o] AMAQ AsFE v AE B
T 3o FHE HF FEAFE FATFAA
0.060, FHFA .0.07701t}. FAFolA st7}

it

()

Or
o
al

0.65

40.64

40.63

C, of the surrounding spherc

0.7% 60 80 T08-62

e
o
O

C, of the main sphere
(=]
C, of the surrounding sphere

0.t

e
o
M
%3

40.075

10.05

e
o
2
G
T

<0.025

&

o
&0
S

50 60 80 90 108

TIYIgle

®)

Fig. 9 Force coefficients at Re =300, //d=0.53
and 6=58.39°: (a) drag coefficients of
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Fig. 10 Flow characteristics at Re =300, //d=0.53

and 6=58.39°: (a) pressure coefficient
contours; (b) streamlines on the center
plane; (c) vortical structure[contours of
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the. physical space. For symbols, see the
caption of Fig. 11
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