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Abstract This paper reports a numerical study of a two-dimensioma¢ttiependent viscous flow past a rectangular
bluff body with a Reynolds numbéte= 6 073 based on bluff body height installed in a flow duct. Tlaelleg edge of
the bluff body takes a semi-circular profile. The governiggations of the flow are solved with large-eddy simulation
(LES) using a commercial computational fluid dynamics safen-LUENT. The focus of the present study is to explore
the effects of the ratio of the height of the bluff bodyand the separatiol between the bluff body and the duct wall
surface. The numerical simulations are validated with #gslts obtained from a separate wind-tunnel experiment.
Numerical simulations with various/H are carried out. The numerical results show that the meainatahtaneous
flow quantities are strongly dependent on the rBtjtd. The suppression effects of vortex shedding by the neigdpor
duct wall are highlighted by comparing the unsteady flowcitnie topology, dominant Strouhal number, lift and drag
forces, etc. The mechanism for the suppression of vorteddshg suppression and its variation withiH are analyzed,
and its relevance to generation of flow inducing noise by & bldy in a flow duct is discussed.
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INTRODUCTION

Flow over a bluff body has been studied extensively by masgarchers due to many practical applications, such as
flow over a high-rise buildings, bridges and ships etc. Afihaidy with semi-circular leading edge has engineering
interest in the industry of aeronautics and turbo machingrg flow include complexity of flow phenomena, such as
flow separation, free shear layer, vortex interactionsastaer instabilities and the interaction between a boonda
layer, a separation free shear layer and a wake. The flows#ustuating drag and lift to the body and the fluctuating
cause structural vibration, acoustic noise and resona®aehe flow over a bluff body is very important. Those flow
phenomena can be modified by a solid wall which placed nednltifiebody. The interaction between a wall and a bluff
body leads to significant variations of the Strouhal numbesteady forces and pressure field etc. [1-5], depending
on the confinement (i.e. gap size) of the bluff body. In thespnt study, two-dimensional numerical simulations were
carried out to investigate the effect of different gap ratiothe flow.

FORMULATION OF NUMERICAL PROBLEM

The two-dimensional time-dependent viscous incompressiavier-Stokes equations are numerically solved with
FLUENT computational fluid dynamics software. Large eddydation with dynamics sub-grid scale stress model
[6] is used in the present study. No slip wall boundary caadits applied at the solid walls. The schematic diagram
of the simulation is shown in Figure 1. A rectangular bluftigavith a semi-circle leading edge is placed in the center
of the channel. The length and the height of the bluff body4a®8H andH respectively. The Channel height and
length is 9.081 and 16# respectively. A Cartesian coordinate systeqy] is used which the-direction aligned with
the inlet flow direction. The origin of the coordinate systsntocated at the center of the rear side of the bluff body as
shown in Figure 1. The Reynolds number is 6 073 based on tlfieboldy heightH and the maximum inlet velocity
Uo. All solution variables are in non-dimensional form. Thegetrical length is normalized by the bluff body height
H and velocity is normalized by the maximum inlet velodiy. Time is normalized byy = H /Up. An experiment
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of the problem withD/H = 4 has been carried out and the numerical setups are valittataugh obtaining favorable
agreement between numerical results and experimentalunezasnts.
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Figure 1: Schematic sketch of the problem

RESULTS AND DISCUSSTIONS

For a flow past a bluff body, vortex shedding is a very impdramysical phenomenon. The vortex shedding causes
the fluctuation of flow properties in the disturbed regione Tlow properties can be modified by placed a solid wall in
the vicinity of a cylinder. In the present study, the follogiresults are compared for differédfH ratios.

The time evolution of the lift coefficient fluctuatid® = C_ — (CL),,.anfOr different gap ratios is shown in Figure 2.
The figure shows clearly that ti@& amplitude of the flow wittD/H = 2 is larger than that d0/H = 4. The increass

in the amplitude of the fluctuating lift reveals that the sg#h of vortex shedding is increased. Table 1 shows the
mean, RMS and peak to peak valueQyffor different gap ratios(C| ), Jeveals the magnitude of the fluctuating lift
coefficient. The value ofC{ ), at gap ratioD/H = 2 is 44% larger than the value BY/H = 4. The larger value of
(Cl),ms indicates that the strength of vortex shedding are enhanitadhe small gap ratio.

Figure 3 shows the time evolution of the drag coefficient flatibnCp, = Cp — (Cp) neanfor different gap ratios. shows
the mean, rms and peak-to-peak valu&gfor different gap ratios. Evidently, the values @) ,o,,and (Cp) s at
gap ratioD/H= 2 are larger 40% and 55% respectively than the valu2/at= 4. The small gap ratio increases the
blockage of the fluid flow. The flow have to be squeezed throhgltsinaller area available so the velocity within the
small gap will be greater than the larger gap. The greatercitglresults in the greater shear stress distribution en th
top and bottom surface of the bluff body. The greater sheasstesults in the greater drag coefficient.
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Figure 2: Time evolution ofy for different gap ratios Figure 3: Time evolution o€}, for different gap ratios

Table 1. Statistical average comparisorCpffor different gap ratios  Table 2. Statistical average comparisorCgffor different gap ratios

D/H (CD)mean (C/D)rms (C/D)peak—to—peak D/H (CD)mean (Cb)rms (C{:))peak—to—peak
4 —0.000 986 0.0129 0.0534 4 0.0176 0.002 49 0.01379
2 0.002 31 0.018 6 0.0709 2 0.024 7 0.003 86 0.0175

The Strouhal numbeBtis given byfUg/H wheref is the dominated frequency of the lift fluctuation. TBendicates
the frequency of the shedding vortex behind the bluff bodyshAown in Figure 4 and Table 3, tB¢are 0.27 and 0.31
for gap ratio of 4 and 2, respectively. The small gas ratialtsesn higherSt A reduction of duct width by half results
in an increase it by 15%. The higheBtmay be due to the induced vortices on the top and bottom salidofvithe
channel in the small gap ratio case as shown in Figure 6.

Instantaneous vorticity pattern provides useful infoioraif the vortex formation to compare the vortex shedding
phenomena for different gap ratios. The staggered vortigdspositive and negative vorticity behind the bluff body
are transferred by the main flow to the downstream. Figureo®/shihe instantaneous vorticity contours within a half
cycle ofC| variationD/H= 4. Two boundary layers are developed along the top andrhattid walls of the channel
and another two boundary layers are developed along thentbpattom surface of the bluff body. These four boundary
layers may be interacted each other resulting in the foomair suppression of the vortex shedding behind the bluff
body. Figure 6 shows instantaneous vorticity contours ahdlfaicycle ofC| variation forD/H= 2. The vorticity
patterns are generally similar as casédgH= 4 except vortex formation at the top and bottom of the chbwads.
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Clearly the vortex formation and shedding from the bluff page enhanced by the interaction with the top and bottom
boundary layers on the duct walls.
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Figure 4: Variation of Strouhal number with gap ratios
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Figure 5: Vorticity distributions within a half cycle of tif/ariation forD/H = 4
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Figure 6: Vorticity distributions within a half cycle of tifariation forD/H = 2

CONCLUSIONS

In the present paper, a two-dimensional time-dependenbuwssflow past a rectangular bluff body with semi-circular
leading edge has been investigated numerically for Regnaleinber of 6 073. The simulation results give reasonable
agreement with experimental results. The effect of the twbfisaof the channel on the bluff boy has been compared.
The amplitude, rms and the peak to peak values of the flunwti coefficient and drag coefficient are increased with
decreasing gap ratio. Smaller gap ratio also increasesttbeHal number. It may be due to the vortices formation at
the top and bottom walls of the channel. The induced voriicease the interaction between the wall layer and the
wake.
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