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A Study on Vortex Shedding Characteristics of Rectangular Marine Structure
With Aspect Ratio

Jin-Goo Kim” - Dae-Hwan Cho™*
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_Abstract

High negative pressure coefficient is formed in the corner of the bluff body structures. For many
curtain wall designers this phenomena is of interest because this high negative pressure coefficient is
adopted in structural calculation. The present study is aimed to investigate shedding vortex
characteristics of two-dimensional rectangular prism flow. Unsteady calculation by finite difference
method based upon SOLA is carried out for three aspeét ratios(1:1, 1:2, 1:3) of Re=10" in viscous
incompressible flow within infinite domain. Fluctuation of velocity components at various pick-up
points and time variation of drag and lift coefficients are analysed by FFT method to reveal shedding
vortex frequency patterns. At aspect ratio 1:1, one primary Strouhal number appears for about all
pick-up points. At aspect ratio 1:2, two representative Strouhal numbers are classified by pick-up
positions and their flows show two different reattachment patterns. For aspect ratio 1:3, frequency

spectrum maintains multiple peaks.
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Table 1. Previous Studies Related to Strouhal Number(Measurement and CFD)

R;i experimental outlines sensing position ni:;%i};?ét) studies included
» wind tunnel, - Re:2.7-7x10" |+ hot wire v Cp & C
1 |+ T.I:unknown » downstream,20° * single mode |, viDsualiza‘\)sion
* d/h:0.1-4.0 outward from rear end
5 |° wind tunnel, - Re:2-7x10" |- hot wire . single mode | Cp & Cwp
* T1.:03%, «d/h:0.2-1.2 * just outside the, wake g * splitter plate
» wind tunnel ) EOt wire o * vortex-induced
. 5 * downstream, 30 *» dual mode o
3 |+ Re:(0.26-1.24)x10 . oscillation
cT1:08% »d/hil0 outward from rear (d/h:2.0-28) |, galloping
’ edge(two points)
» wind & water tunnel * hot wire *CFD » Re>10™ * Re>10%turbulence
4 |- Re:70-2x10" * x/hi6.0-11.5, y/hi45-5.0, single mode | inception
» TI1:05%, +d/h:1.0-40 from prism center for d/h=1.0
» wind tunnel « hot wi » dual mode *Cp & Cw
5 |*Re256x10-5.  77x10° |70 TR (d/n:2.0-2.8) | Reynolds
e T1:05%, »d/hi0.1-4.0 inside wake independence of St
+ wind tunnel * hot wire * single mode
6 |+ Re:(20-25)x10" * from rear end * d/hi2.75, . Q) , G & Cwo
. T10 '4% -, a/hi1.0-4.0 x/h:0.1-2.4, multiple * inlet shear effects
T o y/h:i-1.6-1.6 mode
» wind tunnel, < Re:(5-30)x10|* hot wire * dual mode * impinging
7 |» T.I:unknown » from rear center (d/h:2.0-3.5) shear layer effect
* H- prism, *d/h:1.0-10.0 x/h:1.0, y/h:1.5 » visualization
* wind tunnel * hot wire * dual mode * three vortex
8 |+ Re3x10° - from rear center (d/h:2.0-2.75) shedding
» TI1.05%, = d/h:0.25-4.0 x/h:7.0 section
* wind tunnel, 4 " hot wire * single * D-section prism
g |’ Re:(2.5-10)x10 » from front corner mode « reduced velocity
+ T.l:unknown, - d/h:02-1.0 | x/h:l5 (d/h:0.2-1.0) b llat;
d/h:0.2 y/h:1.0 V.emL y oscillation
A _ . * velocity spectrum * single mode |+ comparison with
10 1+ %r;i:lgg(}t;r%%pwmd scheme |, unknown but (d/h:0.4-8.0) experiments
. d/h:0.4-8.0 partially two * dual modes * St from CuL
T detection points for detection spectrum
. wind tunnel . hot' yvire * single mode |* phase apgle
11 |» Re:(1-3)x10° * trailing edge or except pf \{elo_aty
. /hi3.0-16.0 1.5h up and 5h d/h=8 * impinging shear
) ) downward from T.E. (dual mode) layer instability
* 3rd-order upwind scheme * single mode |+ stepwise
12 |+ Re:10°® * FFT of CL except increase of St
» d/h:3.0-9.0 d/h=8 with increasing d/h
13| wind tunnel, * Re:3.2x10" * hot wire * small vortex |+ rod size and
[ TI1:04%, «d/h:10 * inside wake shedder distance effects
. wind tunnel . » small vortex |erod size, distance
14 |- Re5.3x10°-3.2x10° * hot wire shedder & Reynolds effects

+ TI1.:04%, +d/nhil0

* inside wake

cylindrical rod
before prism

* three St patterns
by rod distance




6 2R
0.19 —a— NAKAGUCHI(EXP), Re=2-6X10"
~v~ OKAJIMA(EXP) , Re=1X10"
® PRESENT(CAL) ,+Re=1xX10"
p
A, 4 .
0.14 <
=
0.09
0.04
00 05 1.0 1.5 20 25 30 35 40
D/H
Fig. 5 Comparison of Strouhal Number of
Varied Blockage Ratio
2.25
:
® Primary
0.2 G Secondary
or Higher
.20
0.18
0.15
- 0.13w
vy
.10
0.08
0.05
0.03]
.0 0.5 1.0 1.5 20 25 3.0 35 4.0 4.5 5.0

x/H

Fig. 6 Prominent Frequencies(D/H=1, x/H=0.1~

50 ,y/H =1.1)
o&otct.
g7 wAE 1264 x/H=01~50 =&
y/H=11 dgAe Fd

=
24AHE b
Ae2d R godn wUFhe A
0059 el 723t 91
e g9Fss

Al
*3—5':]01 L°i“]'fr‘]“41 Z
e FagA &

Ql 0.05 & 0.109] kel vieta

0.25 T
i @ Primary
0.23 O Secondagry
or Higher
0.20
I
0.18
Q.15
o
0.13
0.10
0.08 lf
0.05fw— v
0.03 ! S
00 08 1t 15 20 25 -0 5 40 45 50

x/H

Fig. 7 Prominent Frequencies(D/H=2, x/H=0.1~

5.0, y/H=1.1)
0.28 -
® Primory
0.23) O Secondary
or Higher
0.20
0.18
0.15
0.13f% 2 4
0.10 2
0.08
0.05
0.03 [ .
co 05 1.0 1.5 20 25 .30 35 40 45 50

x/H

Fig. 8 Prominent Frequencies(D/H=3, x/H=0.1~
50, y/H=1.1)

o 4 gieh =3 A ° Fgels /H=50)
= gyZzay JPo] 01002 vE S & F A
o} ole} 2 HAL Ax ¥ &%94 A -2
27} A ¢ depdie 2A) W FlAE
= 259 f¥o] Egs] A2 FYFAPH
& vebds o F7t ook



Primary
Secondary
or Higher

o
8
oce

St
)
“

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 .0
X/h

Fig. 9 Prominent Frequencies(D/H=3, x/H=0.1~
5.0, y/H=1.25)

—~2.319
170 374 s78 783 287 1191
Timae(UT/R)
“« é:g:f APrlmuw Freauoncy=0.1233
o 0.342 J
0.000 T T Y T — T T T —T 1
o bo 0.603 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25
Froquency(fH/U)

0.082
Primary Frequ. 20,2466 |
@ g.gg-s' R rimary Frequency’ T
. A A A 4 WA
0.000 Sy T 1 Y T r T T T 1
%o 0.0 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.23
Frequency{fH/U)

Fig. 10 Frequency of Temporal Variation for
CL and CD(D/H=1)

—uge wAgwl 139 o x/H=01~-50 %
y/H=11e148) F3FEZE vehiz ik A

gz odd  x/H=01~3.09 WM st F
slgea] 2ol vpehuhe o]l Fr|H o o8 AF
B @ate] alohgg welFEch 2y EAFY
e g 59 F9FH5 el 013%2>
velde o 4 9ith 2#9E x/H=01~50
y/H=1259] $1Heljxe] FolppzraA A

o Ae 2l FRFYEel AR o

o g U

-3.081 {.i T rt ;
17 374 578 783 987 1191
Time(VT/R)
H é;gg Prodominant Frequency=0.0479
g 01007 | Second Frequency=
5 0377 i )
0.000 T T T T T T T T T
0.00 0.03 0.05 0.08 0.10 0.13 0,15 0.18 0.20 0.23 0.25

Frequency(fR/V}

578 783 11914
Time{VT/R)
3 gé;g l Predominant Freaquency=0.0959

P ] Second Frequency=

g 9030 A A A
0.000 T T T T T T T T T 1
0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25

Frequency(fR/V)

Fig. 11 Frequency of Temporal Variation for
CL and CD(D/H=2)

oy w\‘a{;!\i-‘-;ﬁ%’é,n}_&'(?ffﬁd;g;"6';g%i,‘f.‘(';‘&':‘:fk‘(‘é{.i\gyl‘q:‘.ﬁ;y;;fe’v‘-,«ﬁl‘\‘ﬁ\&‘é"i\!&;ﬁ'{‘@ﬁ‘l&;@ﬁ;‘%ﬁ&;ﬁ'}

—~2. T T
378 783 987 1191
Time{UT/H)
- 2% Flmary Freaueneva0.1311
£ 8232 A A
0,000 -t v v T T T T T T !
0.00 ©0.03 0.03 0.08 2.10 ©.13 O0.1% 0.18 0.20 0.23 Q.25
Frequeney(TH/U)
1.694 ]
P T T prrmrmmrmeren s Ty o
g o AT
11943 v - T ~ {
170 av4 578 783 987 1191
Tima(UT/H)
o.
" 0‘0,7:{ Frimary Preauency=0.1878 ]
s ©.0089
0.000 +—— { A . AN T b
%60 obs 0.0 0.08 0.10 0.13 0.1% O.18 0.20 0.23 0.28
Froauency(1H/u)

Fig. 12 Frequency of Temporal Variation for
CL and CD{(D/H=3)

oz ez g y/H=11elx¢} Ze] 010 =
0168 ol vehdAl @es ¥ F e
AzFwdE HAFIS 0130 BFoR E
APL o 4 ok y/H=159 He A+ = y/H=
1258 ZoeEAR FAsA debded 29

Agul 119 @) FPASs 29

29 A HED o]F 4T FAFEA
Aohg ez Jow stz F714 3
22 A% AFIEAEe A7 gaHw 9
o. B8l FEASt BHAS e A4 2
F = vehntn gleesA

—41—



287 1191

578 783
Tima(UT/H)

3

a {Frlmury Fraquancym0.1233
4 it

Q

T .
0.00 0.05 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25
Frequency(fH/uU}

s78 783
Tirme(UT/H)

- e :[ Frimary Freavency=0.2488 fi
o 0.045 A N
0.000 . ; T " . : T ]
0.00 0.03 0.05 0.08 0.'0 0.13 ©0.15 0.18 0.20 0.23 0.25
Frequency(tH/U)

Fig. 13 Frequency of Temporal Variation for
v-Velocity and Cpb(D/H=1)

578 783 987 1191
Time(UT/H)
o3 Sy Frimanereo, 438
s 0.100 \
A J
0.006} , , , . e . |
0.00 0.03 0.05 0.0B 0.10 0.13 0.15 0.18 0.20 0.23 0.25
Frequency(fH/U)

. 2178 P Freae ey
o 0.057 ]
J A A
0.000-¢ T T T T T T, A T——1
0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25
Freguency(fH/U)

Fig. 14 Frequency of Temporal Variation for
v-Velocity and Cpb(D/H=2)

FlEErl dAHTE Ry

a8 #HA] 129 oo oA} Y
Aqo AAL HEIH o] & 0|43 FHFEA 0]
ob. FHATE A4 FYFugE 005019 1
zHe] Faez A 0.15%ke] FstA Jelhds &
= olc} =3 GHASE A4 gdYdFaes
01022 viebydon] way] 1:1eA 2} o] ofH
Ard FHATE HE4% GdFse ws)
1224 F4527 QATE & 5 otk

¢

a%12E WA 13004 FHASs) G
$2 AAG WER FAFEHNE Gz Qe
o, HUFRe oo P 2719 2FH5A

E1:¥4 1191

578 783
Time(UT/H)

" 8:359 #fimary Fraguency=5.1311
« 0.080 i
©0.000-1 T T T T T T T T ——
0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25
Frogquenay(TH/U)

AN N’r“!\"a"."'.'f\.-‘ﬁ“;"i\f"J»"\'-J«\’\«’\,-“:i
T —
493 595

289 351
Tima(uT/H)

Brimary Fraquency=0.15268

0.0

i 0.024 I

= oot N A

©0.000-1 T T T T T 1y T T 1

©0.00 0.05 0.10 0.15 0.20 ©0.25 0.30 0.35 0.40 0.45 0.50
Frequancy(fH/U)

Fig. 15 Frequency of Temporal Variation for
v-Velocity and Cpb(D/H=3)

Vel, u

300 504 708 913
Tima(VT/R)
. 0.389
5 0.259 Predominont Frequency=0.1233
] fisacond Frequency=
S 0.130 L
0.000+ v T T T > T T 7 T
0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25
Frequency(fR/V)

< i

> -0.266+— T T T T 1
30 504 708 913 1117 1321

Time(VT/R}

; 8:?2;‘; |Predaminent F;aqu.ncy=°.l1!3

z 0_0541 ,JC:\““ requancy=

a A

0.000 T T T T T T T T T

0.00 0.03 0.05 0.08 0.10 0.13 0.153 0.18 0.20 0.23 0.25

Frequency(fR/V)

Fig. 16 u-Velocity and St(D/H=1, x/H=50,
7.0, y/H=2.0)

oA stel AEAEgel s ALE Vet
o FHUASE |4

A5 g ol 8T Aol o,
499 Ay gt os

s1ek.

= B oAe

[
e~

) LlelA e Fue @ 94
A = @5 gAs e A4
FeHES dehd A2 vEE gelde

0128 WAL G A48 Aol 025
of St w7t 122 vehbw gleh
2YE B 12049 FAGAANY F

0
a4
&
rlo
b B
o

c



374 s78 783 987 1191
Time(UT/H)

Primary Fragquancy=0.0989

1\ A A

0.0
t»n 0.059 ﬂ
a 0.030

0.000

0.00 ©0.03 0.05 0.08 0.'0 0.13 015 0.18 0.20 0.23 0.25
Frequancy(fH/U)

st

578 783 1191
Time(UT/H)

v 3553 T

o’ 0.029 H
0.000 r . S . : . . ]
0.00 0.03 ©0.05 0.08 0.160 0.13 0.5 0.18 0.20 0.23 0.25

Froquency(fH/U}

Fig. 17 u-Velocity and St(D/H=2, x/H=5.0, 7.0,
y/H=0.5)

578 783
Time(UT/H)

PS
20002

:32:1 Fimary Freauency=0.1517 l

0.00 0.05 0.05 0.06 0.0 0.13 0.15 0.18 0.20 0.23 0.25
Fraquency(fH/U)

T v
s78 783
Tima(uT/H)
« gfc‘:éf:[ }lmury Frequency=0.1311
o 0.042
6.000 » . - POUN |
0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23 0.25

rraquancy(m/u)

Fig. 18 u-Velocity and St(D/H=3, x/H=5.0, 7.0,

y/H=1.5)
$5EEe deln gtk vEE e AE
AAE 0.14% MPAS GE 44T Aole

y/H=20:48 Fo548-& Ve AozH
dFar) 01282 49 g 2 dAsn
217 WA sb 129 We] ZE Fube) u

& ohE

Aol

S

¢ A7 9

r-l

%% AZEH Y93 x/H=50, 7.0 ¥ y/H=05]49]
FHRFEEE el 22N HYFisrs
0.10%te2 etz 9lvh 218 wHAW| 7}
134 g9 FdM e Aol gGdF4
& % 013BE vepdE & 5 Sl

Yy HYFEES 4FR
destsla Al S50 WAl dEe] =3
R 2 Al E FA R 22 T3l

548 zA87] 98t FFT
28(Strouhal Number)& At

ez ~E z
stk 2 A7 EA FweAe u £ e
A2 AL wAn 113 12404 zHzt
012 el 010 % 0149 & Ak o] A%
AHe AZA s} o] U] EAFYAME
F NS g8 fEdEe) EAE EA4EE
o 7} 3191‘4- Hﬂ‘&ﬂlfr%}% e ALl

[ 1] Nakaguchi,
Aerodynamic Drag of Rectangular Cyi-
inders,” B ARG, B 1648 1683,
pp.1-5, 1967

(2] P W Berman and D M Trueman, “An
investigation of the flow around rec-

Aeronaut. Q. 23, pp.

“An Experimental Study on

tangular cylinder,”
229-237, 1972

[3] Y. Otsuki and K. Washizu, H. Tomizawa,
AOhya, “A Note on the Aeroelastic In-
stability of A Porismatic Bar with Square
Section,” J. Sound & Vibration, 34(2), pp.



10 AR -

233-248, 1974

{41 Okajima, “Strouhal numbers of rectangular
cylinders,” J. Fluid Mech, vol.123, pp.
379-398, 1932

(5] Igarashi, “EAFME@EEZ L) DL #
%, BABMEERCEBHE) 5048 4603,
pp. 3185-3192, 1834

{6] Kyozo Ayukawa, Norikazu Kawasaki,
Mitsuru Ohkura, Ryo Asano, “® A&
ZH2FBEE L) OMN,” HABKEESR T
£ (B#) D14 472%, pp. 3887-3895, 1985

[7] Nakamura and Nakashima, “Vortex ex-
citation of prisms with elongated rec—
tangular, H and cross-sections,” J. Fluid
Mech, vol.163, pp. 149-169, , 1986

{8] Taniguchi, “The Wake Structures of
Two-Dimensional Rectangular Cylinders
Having Different Length-to-Width Ratios,”
J. Fluid Mech, No. 87-0041 A, 1988

[9] Nakamura and Hirata, “Critical geometry
of oscillating bluff bodies,” J. Fluid Mech,
vol. 208, pp. 375-393, 1989

g

{10] Okajima, NagaHisa, Rokugou, “A Numer-
ical Analysis of flow around Rectangular
Cylinders,” JSME, 56-522, pp. 280-288,
1990

[11] Nakamura, Ohya, Tsuruta, “Experiments
on vortex shedding from flat plates with
square leading and trailing edges,” J.
Fluids Mech, vol. 222, pp. 437-447, 1991

[12] Ohya,

Nakayama, “A numerical study of vortex

Nakamura, Ozono, Tsurata,
shedding from flat plates with square
leading and trailing edges,” J. Fluid Mech,
vol. 236, 1992, pp. 445-460

[13] Igarashi and Ito, “Drag Reduction of a
square Prism,” JSME, 59-568, pp.
3701-3707, 1993

[14] Igaradhi, “Drag Reduction of a square
Prism,” JSME, 60-573, pp.1561-1567, 1994

(15] o]d &, 22 ZFe wAAS FHEA
(SOLA 2=71o] =7}, +=4-8-7] s3] A
A143A A23, pp. 154-156, 1990

—44—



