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A Study on Frequency Characteristics of

Two-Dimensional Rectangular Prism Flow

Seok-Ho Son, Young-Ho Lee

Abstract

It is well known that Karmar vortex streets are formed in the wake behind a
rectangular orism wher the Reynolds number is above 60. Also, the rectangular
prism wake flow provides a potential mears for numerous practical engineering
applications. Recently, the use of Computation Fluid Dynamics(CFD) has been

irereased greally because of the availability of high personal computers.

The present study is amed 1o investigate frequency characteristics of the
two dimensional  recltangular prism. Unsteady  calculation by finite  difference
method based uporn SOLA is carried out for three aspect ratios(i:1, 1:2. 1:3) of
Re=10" ir viscous incompressible flow within infinite  domain. Fluctuation of
velocily componerils al vanous pick-up poairts and time variation of drag and lift

coefficients are analysed by FFT method 1o reveal shedding vortex frequency
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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 2 Experimental Results of Drag Coefficient for

Varied Blockage Ratio

Name ~—-—DM___ | 05 1.0 2.0 30 40 |
Bearman (1972) 12410 i 2.191 i :
Re=2 10" /10" : ! | |
Nakaguehi (1967 |23/2 2138 1.500 1209 1120
Re=25 107 ‘ i f
S I __ SN 1 i
Delany & Sorensen 12239 2.000 1472 | :
Re=10" 10" ‘ ‘ : I

' Boslock (19721 2530 22% 1500
Re=t 10 ' :

' Okayma (1990) 2050(Re=10") | l j
Re=1 10° 2.240{Re=10") : : !
Murakami 2.125 ' i i
Re=2 10 , :

‘ o e e WL

+ Kamemolo 2.130 i !

Re=3 10 | -
Matsumiva 2./7{Re=10")

2./5(Re=10") |L
lgarashi 19841 2418 2.240 1688 1433 1240
Ro=256 10" b/ 10 : |
Courcnesne 1979 2530 2.220 11312

Table 3 Experimental Results of Back Pressure Coefficient for

Varied Blockage Ratio

I Name /H 05 l 1.0 20 30 40
Boearman 11972 /83 i.391
Ro=2 107 /1) )
Nakaguch GOEN 147/ 1582 0./3/ 0.562 0.492
Re=2 6 ’
Okajmi S1953 €T 0600:iRe=1C1
Fo=! i @ 1.500R 0.6/0(Re>10"
1.550.Re=10
Kamaomole 1.50C 5./3C
Ro=d 10 i
Madsumiva 2150 Re= 10
2250iRe=10"
lgarasni 1984 542 a1/ o 0687 ar 0.436 0375
Re=256 0 r .52t 0.812 :
S5y o 10 1813
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Table 4 Experimental Results of Strouhal Numbers for
Varied Blockage Ratio

Name D/H 05 10 20 30 40

Bearman (1972) | 0.131 0.124

Re=2x10"-7x10"

Nakaguchi (1967) 0.126 0.125 0.086 0.155

Re=2-6% 10"

Okajima {1993) 0.128 0.078 0.128

Re=1 10" or
0.13

Murakami 0.133

Re=2x 10

Kamemoto 0.118 0.0813 or

Re=3 10" 0.154

Matsumiya 0.1381(Re=10")

0.1320(Re=10")
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Table 2 Experimental Results of Drag Coefficient for
Varied Blockage Ratio

IN:;HC\'\'\DK 0.5 10 | 20 3.0 40 ]

Bearman (1972) 12410 2.191 : | [

Bl

fRe=2 100 7 10 ! v |
; - e A e S
¢ Nakaguchi {1967 | 2372 2.138 1.500 i 1.208 11120
Re=2 6 107 ‘ ' : ! |
Delany & Sorensen 12239 ; 2.000 1472

 Re=10" 107 ' |
Bostock 19/2) 2530 2.2% 1500 j

Re=1 10 | |

Okajima 11993 i 2.050(Re=10") |

Ros1 107 | 2.240(Re=10") | ;

; . IR S & {1 B S — - I
Murakarmi i 2.125 [

Re=2 107 |

Kamemoto 2.130 i

Re=3 10 ! :

‘ . ¥ ¥ B I e P —|-

" Matsumiya 2.77{Re=10") :

‘ 2./5(Re=10"

Igarashi 1984) 2.4/8 2.240 1688 1433 \ 1.240
Roe=256 107 b7 W ‘ ; i
Courchasne 1979 2.530 2.220 1.625 1.312

Table 3 Experimental Results of Back Pressure Coefficient for
Varied Blockage Ratio

Name ————DMH | 05 | 1.0 20 30 l 4_0J

Boearman L1972 1./63 1391
Be=2 10 /10

Nakaguchi 196/ 1477 1582 0.737 0562 0492
Ho=2 6 i
Okapma 19930 0.600:Re=10"
Fos=t 2 00 2.6/70(Re>107

i 550(Re=10
Kamaomolo 1.500 0./30
An-3 1
Malsumeys 2.150:R0=10"

2.250iRe=10"

. . . ] S i

Igarashi 119841 1542 1AV or 0.687 ar 1 0.436 0375

Re=2.56 107 or 1621 0.812
SO0 1.813
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Table 4 Experimental Results of Strouhal Numbers for
Varied Blockage Ratio

Name D/H 05 1.0 2.0 30 40
Bearman (1972) {0.131 0.124
Re=2x 10*-7x 10*
Nakaguchi (1967) |0.126 0.125 0.086 0.155
Re=2-6x 10°
Okajima (1993) 0.128 0.078 0.128
Re=1%10" or
0.13
Murakami 0.133
Re=2x 10°
Kamemoto 0.118 0.0813 or
Re=3 10" 0.154
Matsumiya 0.1381(Re=10")
0.1320(Re=10")
Okajima (1982) 0.131 0.0818(%) 0.1625 0.130
Re=1x10" 1.4690(2}) or
0.1687
Vickery (1966) 0.119
Re=1x10
348 ¢ uF
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Table 1 Previous Studies Related to Strouhal Number

209

No reference & cxperimental sensing Strouhal studies

investigators outlines position number (St) included

1] Japan Soc. Acro. & wind wmnel * hot wire « single o Cn & Cpy
Space Sel 16 « Re2.7-7x10" » downstream, _ mode I| « visualization
(1968 « T.Lounknown 20  outward from’

Nakagucht « d/h:0.1-4.0 . rear end II ,

o Acronautical Qua 11(11\ . wind unnel i« hot wire o | ;niggi S Ten & C b '
w25 (1972 . Re2-7x10° I« just outside the | mode . splitter plate ‘
Bearman & « T.1:0.3% wake | ||
Truemian s dh02-1.2 i Jlf

3 ] Sound & Vi, - '”\\m(ﬁrt'unml k:ihgtiw;e** | * dual E&d} N 17 VOrLex -
RIARNTRY [+ Rei(0.26-1.29 1 « downstream, 30 | (d/hi2.0-2.8) induced
Otsuki, Washizu, x 107 ‘ outward from rear oscillation
"lomizawia, Ohva « T.1.:0.8% | edge(two points) I e galloping
| - d/mil0 : ‘

DM 12 g cwind & )+ hot wire [+ Re>10" Res10%
Okajin water tunnel | ¢ x/h6.0-11.5 ! single turbulence
‘ o Re70-2x10" ‘ v/hid.5-5.0 mode | inception

» T.1:0.5% L from prism center [ for d/h-1.0
e d/hi10=40 T+ CFD | Z
=, JoMI - wind wmnel 'Ttﬁhot “wire L. dua]lrndoci:iﬁr;ﬁ(; & (Tm) .
SO 60 (19 e Re256x 105, ¢« inside wake l (d/h:2.0-2.8) ; « visualization
Iparashi 77x10" « irregualr e Reynolds
« T1H00% shear | independence
« d0.1-40 ' reattachment { of 5t ‘

G Trans. _ISMIEV ~+ wind ‘wnnel :711()? wire . blﬁgTe 7777777 1' (” Cu &
SL-72 1R ¢ Re2.0-25)x100 « from rear end | mode o Co
Avukaw, Rawasaks, 1 X hi01-2.4 I o d/hi2.75, ‘ < inlet shear

Ohkura, « T10A v/hi-1.6-16 | multiple effects
Asana cdhl O-1 ll mode

7 'Jl’ NLos (1986 « wind me(l e hot wire '|° dual mode i Tlm'f;i'n;:_ing'
Nakamurit, e Re(5-30)x10"  « from rear center | (d/h:2.0-35 [[ shear laver
Nakashima « T.Liunknown x/hilO II - effect

» H- prism vhilD l « visualization
e d/hi10-100 :

Q Trins. 1SMIE e wind wnnel : « hot wire ! iu?ll Vrinoao’ e three voriex
S1-H0R (1987 ¢ Resx 10’ -+ {from rear center (d/h:2.0-2.75) sheddings
Taniguchi, Deguchi, « TL05% 7.0 section II b d/he 2.0,
\ivakoshi, Dohda o d/hi0.25-1.0 : - 2.0-d/Mhe 3.0

- dh=3.0
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No reference & experimental sensing Strouhal studies
investigators outlines position number(St) | _included
9 {JFM 208 (1989) * wind tunnel * hot wire * single * D-section
Nakamura & Hirata * Re:(2.5-10) * from front comer mode prism
x10* x/h:15 (d/h:02-1.0) | * reduced
» T.L:unknown y/h:1.0 velocity by
* d/h:0.2-1.0 oscillation
d/h:0.2
10 [Trans.JSME 56-522 * 3rd-order * velocity spectrum | - single * comparison
(1990) upwind * unknown but mode with
Okazima, Nagahisa, scheme partially two (d/h:0.4-8.0) experiments
Rokugou * Re:100-1200 detection points * dual modes |+ St from CL
+ d/h:0.4-8.0 (just off the for spectrum
downside wall and| detection
inside wake) points
11 [JFM 222(1991) * wind tunnel * hot wire * single * phase angle
Nakamura, Ohya, * Re:(1-3)x10° * trailing edge or mode of velocity
Tsuruta * d/h:3.0-16.0 1.5h up and 5h except * impinging
downward from d/h=8 shear layer
TE. (dual mode) | instahility
92 [TFM 73R(1997 | ey R : ‘ '
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1. Deguchl,
- Dohda

Taniguch
Nivakoshi

« Remx10”
< TL05%
o d/he0.25-10

« from rear center

~hi7.0 section

| (d/hi2.0-279)

‘ sheddings

" d/he 2.0,

- 20 d'
- dh 30
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Table 1 Previous Studies Related to Strouhal Number

No reference & experimental sensing Strouhal studies

investigators outlines position number (St) included

1] Japan Soc. Aero. &+ wind tunnel e hol wire Ii- single | Cp & Cp
Space Sci 16 » Rei2 7-7x10" I+ downstream, ; mode e visualization
(1968 + T.1Liunknown 20 outward f10m| ;

Nakignueh: « d/hi0.1-40 J rear end ;
E ':\m'(m‘;un.icnl ()\12,171'1,(;1‘1\'?7' wind Lunne | #7' hot wire 4iT-xIHgle " Ch & (17‘,‘\,
(1472 . 12012'7.\'1()4 . just outside the | mode i e gplitter plate
Bearman & « T.1:0.3% . wake ! |
Trueman « d/hi0.2-1.2 '! i

A 'J. Sound & Vib e wind “tunnel “Tehot wire T dual m?)d? B 77 vortex-
Sy, 1y h e Rei(0.26-1.24) ‘ « downstream, 30 ll (d/h:2.0-28) | induced
Otsuki, Washizu, x10” l outward from rear 'I [ oscillation
"Tomizawa, Ohyva « T.1:0.8% edge(two points) | ’[ » galloping

y | LT CONSS S | L

A4 JEM 125 1uR « wind & |+ hot wire \ « Re>10" be e 10"
Okajima water tunnel . x/hi6.0-11.5 | single turbulence

Pe Re:70 —‘/’\'104 v/h:i4.5-5.0 mode [ Incepuon
« T1:0.5% ~ from prism center || x for &/h-1.0
. dhil o I+ CFD ! [
Trans, JSME « wind umn(F “ehot w vire Yy . dual ?rgxnd?ﬁ?’i(; & 7(‘;1) 7
SO 160 LTORD « Ret2 >b\1( © o inside wake I. (d/h:2.0-2.8) © e visualization
Lraashi 77510 ' - irregualr i+ Reynolds
« T100% I shear independence
e d h:0). 1 4( ; r(‘atmdnmm of S

W Trans. JSNMEE " wind Iunm N j;iht;t “wire o i :glrggTeu ! '7(71)77(1 &
S ERI VAR o 7Y ¢ Rei(2.0-25)x10¢ « from rear end . mode ! Ci
Avukawi, Rawasald, ! hi1-2.4 Do d/hi2.75, " inlet shear

Ohkura, « T.I:0. v/hi-16-16 i multiple i effects
Asana «dhil () " mode '

7 :_II’M 163 (1986) \\md Iunml _;“h_of \\_n; o __T_‘T:lu_al mo‘ac:_m_i hn}nngmg
Nakamura, ¢ Red(5-30)x 10"+ from rear center (d/h:20-35 ¢+ shear laver
Nakashima . I.qunknn\m hilO 1 effect

< 1~ [)1‘i\‘m vhilh . visualization
' e d/h:1.0-10.0 o R
Q0 Trans. JSME . wind umnwl .+ hot wire e dual mode i ¢ three vortex

2.0
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No reference & experimental sensing Strouhal studies
investigators outlines position number(St) | _included
9 [JFM 208 (1989) * wind tunnel * hot wire * single * D-section
Nakamura & Hirata * Re:(2.5-10) * from front comer | mode prism
x10* x/h:1.5 (d/h:0.2-1.0) | * reduced
* T.L:unknown y/h:1.0 velocity by
* ¢/h0.2-1.0 oscillation
d/h:0.2
10 [Trans.JSME 56-522 * 3rd-order * velocity spectrum | « single * comparison
(1990) upwind * unknown but mode with
Okazima, Nagahisa, scheme partially two (d/h:0.4-8.0) experiments
Rokugou * Re:100-1200 detection points * dual modes |+ St from Cp
* d/h:0.4-8.0 (Just off the for spectrum
downside wall and| detection
inside wake) points
11 {JFM 222(1991) * wind tunnel * hot wire * single * phase angle
Nakamura, Ohya, * Re:(1-3)x10° | . trailing edge or mode of velocity
Tsuruta * /h:3.0-16.0 1.5h up and 5h except * impinging
downward from d/h=8 shear layer
TE. (dual mode) instability
12 |JFM 236(1992) * 3rd-order *FFT of CL * single * stepwise
Ohya, Nakamura, upwind mode increase of
Ozono, Tsurata, scheme except St with
Nakayama * Re:10° d/h=8 increasing
+ d/h:3.0-9.0 d/h
13 |Trans. JSME * wind tunnel * hot wire * small * rod size and
59-568 (1993) * Re:3.2x10" « inside wake vortex distance
Igarashi, Ito * T.1.:0.4% shedder effects
+ d/hi1.0 cylindrical
rod before
prism
14 |Trans. JSME * wind tunnel * hot wire * small *rod size,
60-573 (1994) * Rei5.3x10°- * inside wake vortex distance and
Igarashi 3.2x10* shedder Reynolds
* T.1.:0.4% cylindrical effects
+d/hi1.0 rod before * three St
prism patterns by
L rod distance
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