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Strouhal Number and Flow-patterns of a Rectangular Cylinder with
the Side Ratio of B/H=0.8 at Various Reynolds Numbers
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Flow-patterns of a Rectangular Cylinder at Various Reynolds Numbers, the Side Ratio: B/H=2.5
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In particular, the Strouhal number abruptly changes from 0.06 (0.09) to 0.15
(0.14). for a rectangular cylinder with the side ratio of 3 (6).

0.10

Before | start my discussion of main subject. I'd like to speak about a little
background of our study. Generally, the flow fields around bluff body display
unsteady behavior. Especially, the flow around a rectangular cylinder changes
with its side ratio or Reynolds number and it’s flow pattern is very complex with
separation and reattachment.

To analyze these flow fields, comparing with experimental method. the
numerical simulation acts effective method because of getting many information
data of flow fields. In this study. to solve the turbulent flow around rectangular
cylinders with side ratios of three and six. we obtain large eddy simulation with
standard Smagorinsky model and the results are compared with experimental
data. and we verify the turbulent flow field around rectangular cylinder.
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[ 2. The governing equations }
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Continuity equation
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Now I'd like to explain the governing equations of large eddy simulation. The basic
equations are three-dimensional continuity equation and Navier-Stokes equations. To
operate time filtering to these equations. we get filtered continuity equation and
filtered Navier-Stokes equations respectively. Here, the sub-grid scale stress term
appeared in filtered Navier-Stokes equations consists of the Leonard term. the Cross
term and the Reynolds term.
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[ 5. Results for D/H=3 cylinder ]

%he Flow pattern in the x-y plane (vorticity distribution. Re=4 X 103)

200.0 Time 500.0

Time=333.5 Time=475.5

What you can see here is the time history of lift coefficient at Reynolds number
equal four thousands and instantaneous vorticity distribution in x-y plane. This is
the flow pattern on the regularly changing time region with high frequency. The
others are on the irregularly changing with low frequency. On the high frequency
region. the wake structure is very large with combination of two vortices, one
separates from leading edge and reattached beside cylinder, the other
separates from trailing edge. Two vortices combine on shedding from trailing
edge and roll up largely. On the other side, at the low frequency changing. the
wake structure is filled with many small vortices like these figures. These two
flow patterns appear alternatively in time. therefore the change of lift
coefficient growth irregular.
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5. Results for D/H=3 cylinder ]

/ 3-D disrubution of vorticity in wake (Re=4 X 103)

High frequency mode Low frequency mode
Time=340.0~360.0 Time= 440.0~460.0

Then. I'd like to show the animation of the flow patterns. The flow patterns are
shown by the isovorticity surface with z direction axis at Reynolds number equal
four thousands. The fluid flows from the upper left to the lower right. The red
surface shows the clockwise vortices and the blue shows the counterclockwise
vortices. First I'd like show the flow pattern of high frequency mode. In this mode
. as above mentioned. the vortices shed from the trailing edge with
synchronizing with the vortices separating from leading edge and the wake has
large structure. On the other hands. in the low frequency mode. the vortices
separating from trailing edge don’t synchronize with the vortices from leading
edge and many small vortices shed into wake. So the structure of the wake has
extremely three-dimensionality and complex situation.
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[ 5. Results for B/H=3 cylinder ]

/ The comparison with experimental data of Strouhal number

0.2 i

0.15 |

[ ° ) :
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& 01 o COH=2mm(Experiment)
@ 2-D calculation

0.05 ; R @ LES(large peak)

i e LES(small peak)

Next, I'd like to confirm the comparison of the present result with the past
experimental data again. This is the comparison with experimental data of
Strouhal number. In this graph. the red symbols show the present result. Among
them. the large symbols show the larger peak of spectrum and small show the
smaller peak. As above mentioned. we get the two frequency by the LES
calculation. One has the regular changes and higher frequency like these point,
the other has irregular changes and lower frequency like these points. These
values show qualitatively and quantitatively good agreement with the
experimental data. Then we have investigated the relation between the change
of fluid force fluctuation and the flow pattern.
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[ 5. Results for B/H=3 cylinder ]

/ The comparison with experiment data
OH=8mm(Experiment)
10 r OH=2mm(Experiment)
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Then, I'd like to confirm the comparison between the present calculated data and the
past experimental data. What you can see here is the change of the base pressure
coefficient against Reynolds number. In this graph. the red symbols show the present
results and the outline symbols against black background show the experimental data.
The present result qualitatively show the phenomenon that the base pressure recovers
nearby Reynolds number equal four thousands. The value of the present results show
slightly large value against the experimental data.
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[6. Result ]

[ D/H=6 cylinder }

Next, I'd like to introduce the result of the cylinder with side ratio equal six
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[6. Results for B/H=6 cylinder ]

A’le Flow pattern in the x-y plane (vorticity distribution, Re=5 X 103)

Time=334. Time=395.0

Next, Id like to introduce the relationship between the fluctuation of fluid force and
the flow pattern. The upper right graph shows the time history of the lift coefficient at
Reynolds number equal five thousands. Comparing with side ratio equal three, though
the fluctuating width is small, the irregularity of the fluctuation is the same trend. The
corresponding flow patterns are shown in these figure. In each figure, the wake has a
complex structure with many small vortices. This situation is similar to phenomenon
confirmed in the case of the low frequency mode of the side ratio equal three.
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[6. Results for B/H=6 cylinder ]

S

3-D disrubution of vorticity in wake (Re=5 X 10°)

Time=220.0~240.0

Then. I'd like to show the animation of flow around a cylinder with side ratio equal six.
The flow patterns are shown by the isovorticity surface with z direction axis at Reynolds
number equal five thousands. The fluid flows from the upper left to the lower right. The
yellow green surface shows the clockwise vortices and the green shows the

counterclockwise vortices. The fluid flows from There are many small vortices around a

cylinder and the flow pattern has extremely three-dimensionality and complex structure.
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[6. Results for B/H=6 cylinder ]
The comparison with experimental data of Strouhal

number
020 r 89. &)
s aBd
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[ @ 2-D calculation
005 L L [ T | Il Il | ’ DNS
10° 10° 10* ® Les

Next, I'd like to show the comparison of the data of Strouhal number. In the
experimental data. there are two peaks of Strouhal number. high and low.
from Reynolds number equal six hundreds to two thousands. and then the low
frequency mode with broad band peak dominate the flow over Reynolds number
equal two thousands. The same phenomenon are observed in the present result.
Our calculated result shows good agreement with the experimental data
qualitatively and quantitatively.
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[6. Results for B/H=6 cylinder ]
The comparison with experiment data of the basx

pressure
QOH=2.44mm
AH=4.01mm
06 r A OH=4.88mm
I\ @ 2-D Calculation
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0.4 o @ LES
4 f 280
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First, I'd like to confirm adequacy of the present result. This is a comparison
with experimental data of the mean base pressure coefficient. In this graph. the
red symbols show the present result and outlined symbols show the
experimental data. It is observed in the past experiment that the mean base
pressure coefficient recovers near by Reynolds number equal one thousand and
then gradually drops as Reynolds number higher. In our result, the same
phenomenon has been observed qualitatively.

59



a -Cpb (Experiment(d))

-Cpb 20 | & -Cpb (Experiment(3)) 1 004 s
W -Cpb (Cacwation-single)
15 + B -Cpb (Calculation-double) 1o
© 5t (Experiment(4))
10 | < 5t (Experiment(3))

® 5 (Calculation-single)
@ X (Caiculation-double)

05

0.0

WIELLIC K DREDREBDEIC (Re=1x109)

Strouhal number of

J B/H=7.5

Amplitude §pactrum

M Cl fluctuation

2 IR I BT B E)EE K (Re=1x10%)

AR Cob D W EI LLB/HIZ X T 2 B b % & & T, W ERE(BLUIRE) M
B/H=0.6 THe/NixK) & 720 . LIRS K& < 22512 >N TRIET 5(
INE L 72 D) ATIROEAL Z R~ T, AREHE TIEB/H <0.6DFHEHEIIITH> T
TN, WEREIIERME E EEMICHLELS —& LTV, FiED
Bgs9FLIa2b— LTS,

728, B/H = 0.6 R HEIALRE U OFADLESIEIC X 2 BUEMTIZ DU
TIE TR OO =RIeEEY I 2 L—>a >, WRE, W5
JE. SRR, H KM 5 SCHEB, (2002. 6) 68-670, pp.1601~1607] %
S I NTZ0,

60



2. Fluid-elastical characteristics

of rectangular cylinders
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Response of the B/H=0.4 rectangular cylinder
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of the B/H=1 rectangular cylinder
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the B/H=1.67 rectangular cylinder
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Fluid-elastic Characteristics of Rectangular Cylinders

Free Oscillation of Transverse Direction
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Aerodynamic Characteristics of
a Forced-Oscillating Square Cylinder
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4 . Aerodynamic Characteristics of
Rectangular Cylinders and Aerodynamic
Sound Radiated from them
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Aerodynamic Characteristics of
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ree-Oscillating rectangular Cylinder

vibration system of two-degree of freedom for a cylinder

(Enya, A., Okajima, A., Numerical Simulation of Flow-Induced Vibration of a Rectangular Cylinder,
Proceedings of 4th Joint ASME-JSME Fluids Engineering Conference (CD-ROM), Honolulu, US.A.,
(2003.7) FEDSM2003-45623. pp.1~6)
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Bi-directional response behavior and vortex motions (Vr=4.25)
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Bi-directional response behavior and vortex motions (Vr=10.0)
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