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VORTEX-INDUCED VIBRATION SIMULATION OF MULTIPLE CIRCULAR CYLINDERS
IN LOW REYNOLDS NUMBER FLOWS USING CARTESIAN MESHES

Myung Ryoon Han' and Hyung Teak Ahn”

In this paper, the vortex-induced vibration of circular cylinders is studied using the immersed boundary
method on the Cartesian mesh. The Reynolds numbers considered is from 100 to 200. Using the configuration of
tendemly arranged multiple circular cylinders, the vortex shedding behind of the cylinders and their flow-induced
motion are investigated. The staggered MAC grid arrangement, which is the typical grid system for the
incompressible flow on the Cartesian meshes, is utilized. Pressure correction method is applied for solving the
divergence-free incompressible velocity field. The body motion is described by immersed boundary technique that has
advantages for moving object on the fixed computational domain. It is also discussed for the computational noise in
hydrodynamic forces when body motion is represented by the immersed boundary method. The Predictor/Corrector
method is used for simulating the nonlinear response of the elastically mounted cylinder excited by vortex-shedding.
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Fig .1 Staggered MAC grid system
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Fig. 3 Simulation domain for single cylinder

Itk A7) A m)s A8 & 4
g AHm) BAZE A Am, o] vz vekd
201, o5 mass ratio2} FHCE AlwEle] 7RAAGR] FAY
= f, = VE/m 3R AEREX ] 7u|(6)F o]gat
of et & Al=fle) afr JerE Bhldh

2(2. 14)4 BANN(k)E FAkst7] $18) reduced velocity,
U'S A3k, reduced velocity's 7259 1f AF4(f,)
s} free stream velocity( 77,.)2He] #AZ A} $=x]8)4q|

e reduced velocity(U)E WA 93 free stream
velocity( U,.) & HAsHA frAlsta, T2ES] 1HER(f,)
2 WAsle] g3t = $x)aA 2elol A reduced velocity
7F Wit 9nle AfdEFE K ) gE BAe] &
5L A3tk ouloly, o= UAFL o= Fofa]
229 1f AEsst 9%% A Rggee] FAC w2 i

otk & ATollAE
FAdskE &5 WS %7] 213, Ahn} Kallinderis[4]<]
Aol A A A5 Predictor/Corrector S AR

2(214)9] A

Ao
ol

o]

E:H

>
-
(<0
-
o N
do

mYV+cYV+kY=F, 0
- AmC- [2r)\r O

=— 8
i 2= 5 ®
h ducedvelocity : U = —
wherereauceaveLocity - = an
massratio:m’ = — (md %pDZ)

my

C

structure damping ratio : ( =

3. &=}

3.1 Single cylinder
3.1.1 Simulation domain

Soz wjxg ?Lfﬂ*‘r“dtw A el oA, dhte]
AdroA EFo = Q1% A

ﬂ‘FU
:[o
32



76 / BREMFH S 55| A B E-GFH
021 2 ' Draé coefficient—
Lift coefficient — -

o1 1 W -
v 0 — Willimsen (1998 universal strauhal curve 0.8
01 *  Present simulation

5 O Guilmineau( 2001, nurmerical I 1 ’| ‘I
% Wn"' rm WJ\ H ‘)! IH '“/”
* : : 0 /\/\f\ﬂdﬂr“rr\L WHJ’ le i mm} [ I[ M I l[l lu'”
CI14r 50 A0 1:5r 200 J ll iJ“LJI \ (II Ml [El r\ h l\ UJ

Fig. 4 Strouhal number versus reynolds number at the stationary
cylinder

m

Fig. 5 Vorticity contour at Re=100

" L L

A

go] Wel2 281719180 Fig. 37 7S #14] =gl
3ttt o] wl, Mass ratio= ‘2’, Damping ratio:= ‘0’2
3103, Reduced velocityzts W37 218144

e

A

x4 o
o, oX

oL o e
ORI

o
o

3.1.2 Stationary cylinder

(1) Vortex Shedding

Fréo]l AT FoA e A7 HUd F99 5
B2 g oa 1 ddo] Mt ol ol wE
5o Wgh= dolsx 47t snvd wE Ay ¥Hs
BE freol LAska, 5ol 45vitd wele {5
Separatione] AFHF FAle] oL UERdTh 53], #Hols
= 7} 45014 1800|151 wiE oY efFol —rﬂ’ﬂii
WASHE fres Belth ol WAEE Shedding I A
drjo] 23} Lift force?} Fig. 63 7o) wW3lg ol w}a} Els
AEH, E43 Fo2 71X k. ©]E vortex shedding
frequency(f,)2t shH, o] FIFE ol&sle] ~ERE F

05
0 20, 40 60 a0 100 120 140 160 180 200

Fig 6 Drag and lift coefficient at Re=100
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(2) Drag and Lift Coefficient histories
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Table 1 Comparison of drag coefficient at Re=00

Present 1.357 Ding et al.(2007) 1.356

Wiesenberger(1921) || 1.326 | Menegini et al.(2007) | 1.357

Tritton(1959) 1.320 Atal Bihari(2010) 1.352
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3.1.3 Elastically mounted cylinder
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Table 2 Comparison of maximum amplitude (reduced
velocity is 5.0)

Re Mass ratio yIA
Present 100 2.0 0.550
Present 150 2.0 0.560
Ahn 100 2.0 0.530
Ahn 150 2.0 0.540
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Table 3 Comparison of drag coefficient at Re=200
(Cd1: Upstream, Cd2: Downstream)

p Present Meneghini(2001)
(Gap) Cd1 Cd2 Cdl Cd2
1.5D 1.07 -0.29 1.06 -0.18
2.0D 1.06 -0.27 1.03 -0.17
3.0D 1.01 -0.11 1.00 -0.08
4.0D 1.36 0.43 1.18 0.38
5.0D 1.37 0.34 - -
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Fig. 12 Immersed boundary on cartesian mesh
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