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Abstract

For long slender offshore structures, such as cables and pipe lines, their interaction with surrounding fluid flow becomes an important
issue for global design of ocean systems, We employ a long circular cylinder as a representative case of slender offshore structure,
A flexibly mounted cylinder in cross—flow generates complex vortex shedding and results in oscillation of the structure, In this paper,
flow behind a circular cylinder at Re=100 is simulated, The vortex shedding pattern and flow induced motion are examined in the cross
flow configuration as well as with various yaw—angled configurations, The ‘Lock—in" phenomenon is also observed when reduced
velocity is approximately 4.0, The MAC Grid system, which is the typical grid system for Cartesian mesh and pressure correction
methods, are used for solving the incompressible Navier—Stokes equations, Predictor/Corrector method is applied for obtaining a
non—linear response of structure at the flexibly mounted, The existance and motion of the body is represented by the immersed
boundary technique,
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ZIS). Fluid—structure interaction(SA-7X HA). CFD(TIASH|SSH

1M =2 (Bocy-Fitted) ZAFE ABSIE 2% Brlel 25l wfak of A
ZIHA oict H@él— SHTRe| REHS EUXCR BSishe
ARIHET[Ho| E4Aolct o|2{gh B2 EX|9| HEo| TA|
=HE S50 B0l S AVPERN 9 RS0 popioiy wisioy i HesODIL e B4 FAES
B SI30| NFHO= ] Ol Iolof TES WEH £ yo msisit 2rlel 2501 ARAL STAIE B 2R
S0l oPIEEL she 7ol F9| #5082 A WSS T2 mxypay et al, 2008) £ —’F—?I—’HOI 1247} glole Yl
=2| oid, okgMEat ofl2l Holl = 2 Hek2 olZlck ol 0| 0{2{S Cido| 9ict wiH Io|= ol23t MskxAS
ot 77| TSsHe oF2 feliMe, Y P20 T 2=51= RDAHK} 7|Hlo] -EEFE' =5 Zaigko| ke D
TEeidol tiet ofshet, 0|2 elslod Tx=0 A85ks R, ol mMmzHxlz FaiEl X THQl ool UXiE0] 9= =X
J2|1 #BEHOZ FxEQ| 252 d4A{5tofof St w2 § o =ME Tsisk= 7 HEAH (Immersed boundary method)2
xRS fFaRY| AssHAS SESE fETE oM sA 0|235I%C} o 7|l 71 =26t ZM e 2X|7} 22| . &
O Mgl o2l & = Uk 2 =20llMe 2 udXE 0l& o ZAKe| eisdo|L} XiHIX|7} ZRSHK| Lch= Ziolch JTRAKAA|
Slo e ARICF| H|IFA 7SS ofAdst, O Aotz o Bo| £7| =292 Peskin (2000)2 Dirac Delta &5 0|85}
e wAEs 7HI=oZ slof 2y AEHe| 23S siMee 0 3AH TMQl L ERMAIQ} HIAEN RA24e MSEES 2
22X, FAt TR AMFHAS At AISIIEL. 0% Direct ForcingS 0188t 7HaFEA XMzl 7|Hol
e =2 RS2 sk SHFele it FStiAS Lol M ek=(243, Fadlun, et al. (2000)24 Kim, et al. (2001)301 2|
Mz D™E =HT2 FSoiAol H|5l0d HEdske Raie 5lof EHAk=E[AD, Shin and Kim (2006)01l 2f3 F7AH7F 021 24
B517| 9t Z=J1xol THZ 5ot sich 24| ZAHo| LRt o| FiolT ME 7tsSh 7|-0| THL=AC

Fa0l 1 20101 128 132 | 291! : 20111 4% 202 | T ALK} : hiahn@ulsan.ac kr, 050-259-2164



2 ==20Me 2F Al £S5 ol8sl =X ool JHAe|
&2 2oi5hs 2X| MEHTo|Ghost-Cell 7HAZEA# S 02510
=Ho| 22lels FoIsI9 N, H|UEA FA|9| Navier—Stokes 2
Alg 27| Qs AdZ2l(Staggered) MAC(Marker—And-Cell) 23X}
7|9ke| = (Pressure correction) 2HAIS ARZSIICE =i

ToP| S5 AL H|ES £0(7| 2fsi BICG STAB(Bi—Conjugated
Gradient Stabilized) 2 12|E52 01235101 £=x[slA S|}
TA-TE0| HAMsHAZ 2ol 0f2] 7| S0 AT R,
43 Zof 2Uct £3| Ahn and Kallinderis (2006)2] 937201 A
= =28 XHhybrid mesh) AollA ALE(Arbitrary Lagrangian
—Eulerian) 7|#E ol8sll M 2lols= 5 FSoMe TE-A
M MS A5 5 Predictor/Corrector 2HHS 085}
0 RA-Txo| AMEHME CiF Hekst AuE TEsIUC
Mittal and Kumar (1999)2| ei7t0ilM= &1& ARIHe| 2=~
Heol siAE 7ot 2AHE 0835101, in-linelt cross—flows

-

RAFE 018 4
o Fa0M AEINI}E vh= Azt 2ol ofmEt SH
Ho|=X| 2o F=ch Newman and Karniadakis (1997)
DNS7|®& ol&3slod A glols= 4= 7=0lM Z Holg %
of LiEf-ke 7& mEHS 7HAEBICL Kim, et al. (2006)2
oM = ZH & AlEshs AELe| a2 JTREAME of

rir mo o :IO

25l0] =ARIICE & A= A AXA oM 3XHA
LA 8 M2Ir el el77|ElS(Vortex—induced vibration)0| 0
[ EEE TR 20iFT, AYMRILFLo| Lisk= 7
2 HESIAC

2 =22 offiet ol 7M=(0f Uct HA, cieHEoAM 2

HAROIM FEHALHTL TEAIN 2Bt BHFS FAE
A ", 321 PEEE siA L FSaHADIel ol
ofshA Z1&Bich olofAls MolME A aolsxs S50l
28 deiciel 9iR7| TEHAE ofdh MoHI 292 Livol &
PNPS

E

H= A, DW“*OE wE F% ﬁﬂil BARH(Yaw

angle)2 7= ZFE 3AH siME So10] s ZnE HA

SEOAt BiCt ORX|Ef HoME 2 =xol ZnE Helotl &
I

ok

Mg 7Kl B|UES A2 Navier-Stokes ZFHAlE Z7|
Slst Xlj YHAIS offel £ Aoz EaiEc
Continuity equation :
Momentum equation:
o — — — 1 —
Equ(u . V)u:—VerﬁAu 2)

9lo T AofAy e FHS| S, PE U24S LiELH, o]
EZTERe= pU, D/ pet JH°|5|'31 ol Wf p= ABHe| X5
2 olst y, = FAHAM THelo| ske UM &S

2.2 MAC Grid Method

2 AF0M= HIYEA Naiver-Stokes B4 |
22X (Pressure  Correction) 2HHE 0|Ssi¥Ch UzEH
(Pressure Correction) e 2t ZAXfe] % £ 0|83l =2
7ok ez, 0l Hu AAPIM HESE| 2l Staggered
Grid system EE= Non-Staggered Grid system& AREsic} =2
34720 M= Staggered Grid system@| §F 2/ MAC Grid B
2 H&319ch MAC(Marker-And-Cell) 2#H2 Harlow and
Welch(1965)0l| 2fslf FHEEl ZAL MAZ, ZwZAKiol|lA 76 &}
28 0|25 H|UEM Navier—Stokes 2FEAIS 27| £ist 71E
Aol i =9 OH—POIEF MAC Grid 242 Fig. 12} Zo|

N R
N oy M
S
\ 1o
i 0@
0
Q
]IO
©
N
A
=
on
1B
b
rIr
_IH
>
9
o
0
(<)
2

f0 © [C |

o
N
S
t
H1
o
(©]
i
=)
=
2
it
N
Ho
:

—> 0 0 40—
Pty uift) | plig) wfi) AN iy
| ]
* ‘\\ * I+
bt |5 b | Tt

Fig. 1 Staggered variable arrangement on Mac Grid
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3.2 Fixed Cylinder
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Table 1 Drag coefficient comparison table at Re=100

Drag coefficient
Atal Bihari(2010) 1.352
Menegini et al.(2007) 1.370
Ding et al.(2007) 1.356
Tritton(1959) 1.320
Wiesenberger(1921) 1.326
Present simulation 1.357

Fig. 5 Vorticity ISO surface at Re=100
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3.3 Elastically mounted Cylinder in Cross flow

%O

ol

H QU

1E

L

<M

El

it

Al

o
=

k2t

ol

o

H

o

E-

AN 7= o

100

]

time

40

e o Y Y L

1]

2 Fule7| 4 reduced velocity ¥

FIL N VA A

4

k=1
=

ﬂll’l!"ﬁf‘ﬂﬂ

|‘|£'|.!JI‘FJf]I
1

[

bl
time

05
05

U=3.10
U=4.0

aw

Lock—ingi&to[2t @

2
=

201136

s

X487 M3

Py
100
s YT
A thon
A A
700
|
[y — |

L

a0
TAY
S (O
A
a0

‘ N

1

Y
B!
YA

LN
L

Y

ol

LW

I
g
]
L LI W |
A UM Al
N A AL
]

Fu . Y

PV[I" . .IA\JI'
time
oy
B A
time

w
il

40
\l
40

i
Lift coefficient, ---- displacements)

AT AT L W Y A e W o |

Lonl,
vl
¥

T

b
1

LA WA
U
20

WA S
AU

s TN

v WOV
20

JE A
JA N

g

o

!
ST SO S TN W S

Lo
o
A g

iV

05
0
05
03
0
05

U=5.0
U*=6.0

Fig. 6 Lift coefficients and displacements (

264




Fig. 704 i 25 =S 2 If RS2 vortex pair
shedding cycleg J2|l= A2 HEE £ 2L, Ol= Mittal

I

TollM cross flow2| Lock in Al
kS HIC) Fig. 62| U= 5.0
A

tolef #leto] Hsks P4ty

2} Kumar(199)2| x| 3lj4f ¢
vortices contouret S &
i, Lift coefficient?t 2=
(phase switch) si4k2 Eolct

r

oo

do

Fig. 7 Vortices contours at the middle plane

Table 2 Comparison of max amplitude(A/D) at m*=2.0

Re Max. A/D
Ahn and Y Kallinderis 100 0.53
Ahn and Y .Kallinderis 150 0.54
Schulz and allinderis 110 0.58
Present Simulation 100 0.581

3.4 Elastically mounted cylinder with Yaw Angle
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Fig. 8 Elastically mounted cylinder with yaw angle

Table 3 Drag coefficient with Yaw Angle at the stationary
cylinder(Re=100)

Angle Drag Coefficient
U 1.373
60° 1.005
45 0.654
30 0.333
07 +
06 -
0.5 4
o 04 -
<
03+
0.2
01 4
0

0 2 4 6 8 10 12 14 16
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Fig. 9 Maximum amplitude on the free vibration
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Fig. 10 Oscillating frequency, when maximum amplitude
is occurred
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