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Reynolds-number Effect on the Flow Past Two Nearby Circular Cylinders
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As a follow-up of our previous studies on flow-induced forces on two identical nearby circular cylinders
immersed in the cross flow at Re=100 and flow patterns past them,*? we present Reynolds-number effects on the
forces and patterns by further computing flows with Re=40, 50, 160. We consider all possible arrangements of the
two circular cylinders in terms of the distance between the two cylinders and the angle inclined with respect to the
main flow direction. Collecting all the numerical results obtained, we propose contour diagrams for mean force
coefficients and their rms of fluctuation as well as for flow patterns and Strouhal number for each Re. These
diagrams shed light on a comprehensive picture on how the wake interaction between the two cylinders alters

depending on Re.

Adoq

7

fo

=2 o

4 AdHe fFadEs
C, : FEAR(=Dragl(}pU*4))
c, : Cdgl Az HAgk

C',.. . CaAS 8% RMS %k (=,/(cd -C)%)
¢ FEHAR(=Lift (pU4))

G :GY N B

Crma: G AL

Cp ?Jaﬁl—}r: (=(P—Pw)/ApU2)
D APy AE

t 3, ALAA, s A TR
E-mail : ksyang@inha.ac kr
TEL : (032)860-7322 FAX: (032)868-1716
« Qsidista dietd /AT

DT ™ T QRN

o

ot o
(ol
oz
N

i ot o Iy

CHEY e
i o
cAEY ARez FaddE F Ady $4

- AAY 24 ﬂ,ﬂ( ,/ +T2)

dolEz

F(=UD/v)

: Strouhal (= fD/U)
Ay JAow FadE 7 AdH S4

o) Fg5ol 472
7]

| & (streamwise) &% W E

=
=]

e
o e
ofb yo ol

THE
2 (normal) &%= ¥E
Azt
AR A
dy $9%



e 98 Adun e
p RAEE
w FE (=0.5(0v/ox—ou/ )

I
R
o
g
o
X,
i
=
o
fru
o
o

s, o= WS P& agol Audel
2 ALy 2 =7oAs o)
HF K% UUe Abg lEAQ mARA F o

Ry
kel A3 A= A

i

e}
g

e=100 oA F 7)2]
o

R
A AdH o} &
T FF HEOs
FAgste FAHO e HaPATe
ATEA Re & W (parameter) 2 3}o] Re 9
A 5 ARYIE {5 QoA ue
Hed o] Wl o] A7E s =
49 A7t 28 99 FdH e 9o,
st webA f% o] WA o,
O A FAE w3 dsA "k ol Ao
A ARE%E Re T 40, 50, 160 ©1™, Re=100 2} ¥ 53}
o Re 9] ®igle] webd §% iRl f22o)] o
DA W =AE 7 A Immersed boundary
method)VS& o] &-5te] AAatglch

_{

o ok
o

2. A oM I

2.1 R|ef grE A

Al AN HgEA 2 A 5ol W A
S WY, $FF WA eR TYAY

M v o

& oy 9= (1)
ou Ouu ow  dp 1 8% &%

a o Ty e Read g @

2 2

@_F%_'.M:—a_p_*.Lﬂ .a_v)+f (3)
o ox oy & Re &’ o2 77

31

T

Fig. 1 Physical configuration: (a) staggered position of
two circular cylinders, (b) locations of
surrounding circular cylinder, indicated by dots
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Table 1 Validation of numerical method: flow past single
cylinder at Re =100

Re C, Crux—C | St
Present 100 1.34 0.33 0.165
Kang® 100 | 1.33 032 [0.165
Parketal® | 100 | 1.33 0.33 0.165
Williamson™ | 100 - - 0.164
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Fig. 3 Instantaneous streamlines during one period,
L=0.0, T=1.5, Re=50: Near Steady(NS) flow; (a)
=1/4T,,(b) =2/AT,, (¢} =3/AT,,, (d) =4/4T,
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Fig. 4 Instantaneous  vorticity contours during one
period, L=0.0, T=1.5, Re=50: Near Steady(NS)
flow; (a) +=1/4 T,, (b) =2/4 T,, (c) =3/4 T,,(d)

=4/4T,
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Fig. 6 Flow pattems past two staggered circular
cylinders: (a) Re=40, (b) Re=50, (c) Re=100, (d)
Re=160 ; BB(Base Bleed flow), BBB(Biased Base
Bleed flow), SLR(Shear Layer Reattachment flow),
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flow), FF(Flip Flopping flow), MP(Modulated
Periodic  flow), SVS(Synchronized Vortex
Shedding flow), NS(Near Steady flow), S(Steady
flow) ; except Ns and S patterns, detailed
description of these patterns can be found in
reference (1)
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Fig. 7 Instantaneous streamlines, L[=4.0, 7=0.5: (a)
Re=100, (b) Re=160
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Fig. 8 Contours of two staggered circular cylinders at Re=40: Fig. 9 Contours of two staggered circular cylinders at
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Fig. 10 Contours of two staggered circular cylinders at
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Table 2 Strouhal number at different positions, Re=40

position St position St
L=0.0,T=1.5 |0.056 | L=1.0,7=0.5 | 0.089
L=0.5,7=1.0 |0.082 | L=1.0,7=1.0 |0.075
L=0.5,T=1.5 |0.053 | L=1.5,T=2.0 |0.087
L=2.0,T7=2.0 |0.090
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Fig. 11 S7 contours of two staggered circular cylinders
at Re=50: (a) main cylinder, (b) surrounding
cylinder

Fig. 12 St contours of two staggered circular cylinders
at Re=160: (a) main cylinder, (b) surrounding
cylinder
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