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Abstract. The uniform flow around an isolated circular cylardwvas widely studied in many practical applicasdn
the last decades. However, in the case where tiseofithe cylinder is parallel to a wall, the remuktill present some
misunderstood. This type of flow is considerabinglex and depends principally of three parametajshe relation
between the boundary layer thicknedsand the cylinder diameter (D); b) the velocityadient in the boundary layer,
and c) the gap ratio. In the present work, theuefice of the boundary layer was suppressed usingwng wall. This
case has practical applications in the simulatidrflows around automobiles in wind tunnels andrajdirs on moving
sediment layers. The study use numerical simulatidhe Navier-Stokes equations of two-dimensiom@mpressible
flow, with a compact finite differences scheme,tf@r spatial discretization, and a third-order I®sterage Runge-
Kutta method, for the time integration. A virtuaundary method is used to include the cylinder gredwall in the
simulations. The presented results correspond te- B80 and, the gap ratio in the range 5.0 — 0.heTparticular
case of 5.0 corresponds to the flow around an tedlaircular cylinder, or either, the effect of thall is partially
worthless. The effect of the wall on the flow @aleated through the analysis of the streamlines hedvelocity fields,
the variation of the Strouhal number and the dragl &ift coefficients. The results indicate thattwihe reduction of
the gap, an increase of the aerodynamic coeffisiemtd the Strouhal number is verified. Howevers théhavior
inverts when the gap ratio approaches to zero.dnenof the studied cases, the suppression of tiexvehedding was
observed.

Keywords: Circular cylinder, Moving wall, Vortex sheddindirtual boundary methods.
1. Introduction

There are many examples of practical applicationshich cylindrical structures are found near teold surface
or another structure. The flow around a pipelinarre the sea bottom, heat exchangers, and seisedd, and sets of
cables of transmission lines are some examples.eMenythis type of flow has received less attentibren compared
with flow around of an isolated cylinder.

The presence of the solid surface modifies theexashedding, the formation of the vortex street hiedforces that
acts upon the cylinder. In the case of plain sesathese modifications are due the boundary lngtrdevelops over
the plate upstream of the cylinder. Three non-dsiwral parameters control this kind of flow: i) thedation between
the boundary layer thicknes$)(and the gap (G), ii) the vertical gradient ofeatnwise velocity existing in the
boundary layerf), and iii) the relation between the gap (G) areldplinder diameter (D).

In last the two decades, some works have beenafeawvith the objective of understand the physicathanism
which govern the flow around a circular cylindean& a plane wall, mainly for moderate Reynoldsbars (Angrilli,
1982; Bearman, 1978; Grass, 1984; Lei, 2000; 160B9; Price, 2000; Taniguchi, 1990; Zdravkovich33p

The main characteristic observed in these workbkdsvortex shedding suppressing as the cylinderoagpes to
the wall. This occurs at value of the gap definedritical gap. The existence of this suppresssostill questioned by
some authors (Price et al., 2000), moreover, the rgéio where it occurs and the mechanism thatslgadthis
suppression isn’'t well defined. Another charactirisbserved in the majority of the works is théseence of a vertical



force that tends to move the cylinder away from wedl, however Zdravkovich (1985) showed that th&havior
depends on the boundary layer characteristics veilet al. (2000) had not observed the existerfi¢kis force.

The misunderstood shown before could be explaiyetthd complexity of the flow around a cylinder n@aplane
wall. A common approach to study complex flowsoisihderstand physics for simpler case, with this iai this work
we present the result of flow around a circulaingiér near a moving plane wall. In this case, fifeceof the boundary
layer thickness and the velocity gradient are elated, and the influence of the wall over the vod&eet could be
studied. This work is a continuation of that pufdid in XIX Congresso Regional de Iniciagdo Ciecdife Tecnologia
em Engenharia, however with more values of gap.

2. Numeric metod

The incompressible Navier-Stokes equations

O = 0 (1)
%‘t‘wm:—ipwmsz 2

wherep(x,t) is the modified pressure fieldj(x,t) the velocity andgxt) the vorticity, are solved on a uniform

rectangular non-staggered grid. The external fof€® is used to include the virtual cylinder and theving wall. The
spatial derivatives are evaluate using a sixthtoobenpact difference schemes (Lele, 1992) in &l tinesh points
except near the in and outflow boundaries werdeisiged schemes of third order are employed fextderivates for
i =1 and i = nx, while centered fourth order schasnased for i =2 and i = nx-1. The time integratis performed
with a third-order low-storage Runge-Kutta meth@édlifamson, 1980).

The virtual boundary method is used to includedylender and the moving wall in the simulationalided to the
momentum equation a feedback unsteady forcing fékt for the imposition of the boundary condition withthe
flow field (Goldstein et al. 1993),

f(x,t) = g(x)g, E,[:, (T(x,,t) —G,)dt + B [T(x,t) - 05)5 ®)

wheret is the timeg(x) is a scalar field which defines the localizatidrite immersed boundaryg andg are negative
constants andus is the immersed boundary velocity, which was senhall for the circular cylinder and equal to the
freestream velocity for the moving wall.

More details about the numeric code can be obtdmédrdeatet al. (2002) and Silvestrini and Lamballais (2002)
and more details about the virtual boundary in Laltais and Silvestrini (2002).

The layout of the computational domain used is showFig. 1. The cylinder axis is normal to therpky and it is
located X from the inflow and G from the moving wall.
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Figure 1. Scheme of the calculation domain
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At the inflow section uniform velocity for the stimwise velocity was set with null vertical velocitt the
outflow boundary are deduced when solving a singglitonvection equation. And free-slip boundaryditon was
applied to the upper/lower boundary. No pertudratias superimposed to the inflow mean velocity.

The numerical code, described briefly in this settwas submitted to some tests for the case édramiflow with
Reynolds number 300 to define the necessary comipodh domain with the aim of minimize the compidaal cost
and to get real values of the Strouhal number Ardaterodynamic coefficients (Vitokt al, 2004). In Table 1 the
aerodynamic coefficients and the Strouhal numbeaiobd for two different resolutions are presentesl,well the
references values. The difference between the miressults and the reference value (Mittal and &sadar, 1997) is
less then 7% this difference is related with dubimss of the virtual boundary method and the biyelksdfect.

The results are presented here for the flow pastalar cylinder near a moving wall at Re=300 gagh ratio in
the range of 0.1-2.5. The main characteristiadh@ftomputational domain used in all this simulatoe shown in Tab.
2.

Table 1: The mean drag, rms litf coefficients atrd@hal number for different resolutions of the qutational
grid, for Re = 300.

Resolugéo CD cLr St

D=1& 1.690 0.788 0.192

D = 3&A 1.476 0.694 0.210
Mittal and Balachandar (1997 1.38 0.65 0.213

Table 2: Numerical parameters of the computatidoahain.

Lx 19D Domain size in direction x
Ly 12D Domain size in direction y
Xc 8D Localization of the cylinder center in direciig
D 36A Grid resolution in directions x and y
a, B -10000, -100 Parameters of the virtual boundary oteth
Nx, Ny 685, 433 Number of grid points in directioramd y.
T =350 Total time of simulation

3. Results
3.1. Vorticity Fields

Figures 2 shows the instantaneous vorticity fieldgap ratio in the range of G/D = 2.5 - 0.1. Thetieity structure
observed for G/D = 2.5 is very similar to the voariian vortex street. A very week interaction betweertex shed
from the cylinder with the moving could be observRéducing the gap to 1.0, the vortex street Ikestident but the
interaction between the vortices shed from cylindéh the moving wall is stronger. The induced bdany layer
separated from the wall in a periodic fashion atgame frequency of the vortex shedding. It hasdinge vorticity sign
as the upper shed vortices from the cylinder.

Reducing the gap ratio to G/D =0.5, the vortex siglis still evident, but the vortex street lodgs symmetry
and displace away from the wall. Upstream of thindgr a very small separation occurs. Under thindgr and
downstream of it a more evident boundary layer ogowhich separate from the moving wall at the séneguency of
the vortex shedding in the same way as for theipusvcase. The main difference is that after tlhuandary layer
separates it interacts with the vortex shed froenctflinder and create region of up and down flow.

At gap ratio of G/D = 0.1, the vortex sheddingl &ilident, but the vorticity structure is complgtasymmetric and
the formation of vortex street is completely diffet from the traditional von Karmam vortex strééte outer shear-
layer rollup and form clearly a vortex that grondanduce the formation of a boundary layer over rii@ving wall.
This boundary layer seems to be the source ofoiyrtio form the inner vortex, not the inner shiearer of the lower
side of the cylinder. As this inner vortex growsui the vorticity from the outer vortex that iseshfrom the cylinder.
This mechanism of vortex shedding is completelfed#nt from the usual case of isolated cylinder.
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Figure 2. Instantaneous vorticity field for gapagah the range of G/D =2.5-0.1.

3.2. Mean fields

The mean streamline fields for different gap ratios presented in Fig. 3. For gap ratio 1.5, thlel fis very similar
to that observe in the case of an isolate cylindsrthe gap ratio is reduced the asymmetry of igtld fs evident. For
gap ratio below 0.4, we could be observed thatstagnation point is dislocated in the directiortled moving wall.
This behavior is more evident for smaller gaps. g ratio lower than 0.2 the formation of two asyetric bubbles
downstream of the cylinder is observed. And at gdjp 0.1 the flow seems to be very weak or abbetween the
cylinder and the moving wall and begins to credbalable of recirculation upstream of the cylinder.
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Figure 3. Mean streamlines velocity fields.

The asymmetry of the flow and the dislocation @& ftagnation point are confirmed by the mean \arielocity
field, shown in Fig. 4.
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Figure 4. Isolines of mean vertical velocity.



3.3. Strouhal number

The behavior of the Strouhal number is presenteHign 5. Theses values were obtained from the aisalyf
temporal series of the lift coefficient, as recomiched by Leiet al. (1999). This is due the fact that when exist an
asymmetry in the flow field the position for whithe measurements are made could influence the sisiabs was
observed by Bearman and Zdravkovich (1978).

The Strouhal number increase as the gap ratiodiscesl, until the gap ratio is 0.7. After that aidgpdecrease
with the gap ratio is observed. The increase terydenuld be explained by the acceleration of tlevfthat occurs
between the cylinder and the moving wall, whichseaa faster interaction between the outer andnther ivortex. The
reduce tendency, for gap ratio less than 0.7, cbaléxplained by the change of formation mechari@nsmall gap
ratio and the flow reduce between the cylinder thirdmoving, which seems to ceases for gap ratio 0.1
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Figure 5. Variation of the Strouhal number with ta ratio

3.4. Drag coefficient

The variation of the mean drag coefficient with tfep ratio is shown in the Fig. 6. It is clearlatthere is an
increase in the drag with the reduction of the ga. This behavior is change for gap ratio Offerathis point the
drag has a decrease with the gap ratio. This behesvsimilar to that observed for the Strouhal bem only the point
where occurs the decrease is different. The fiestdt observed in Fig. 6 for the behavior of thegdraefficient is not
understood yet, but the we believe that it is eelaith the change that occurs in the processesnéx formation and
shedding. The second trend confirms that when ylieder is seated on the plane wall (GH.0) it is subject to the
minimum drag.
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Figure 6. Variation of the Strouhal number with ta ratio
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3.5. Lift coefficient

The variations of the mean anas lift coefficient with the gap ratio are presentad-ig. 7. For values of the gap
ratio greater than 0.6 the mean lift coefficienafgproximately zero and does not change much Wwétgap ratio (Fig.
7a). This reveal that the effect of the moving tatany in the lift coefficient is very limited or Adubr gap ratio greater
than 0.6. In the range of 0.4-0.6 the mean lift Aasignificant increase. The positive value obsgrvethis range
indicate the existence of a mean force that tenddwee the cylinder away from the wall, similar wiiwas observed
for a steady wall (Lei et al, 1999). This forcelise to the displacement of the front stagnatiomtpiai the direction of
the wall, which create asymmetry in the presswaleléi The strong reduce of the mean lift for gapr@.1 is due the
ceases of flow between the cylinder and the mowial

The increase of the fluctuations of the lift cogffnt (Fig. 7. (b)), for G/D < 0.7, is due to insification of the
turbulence caused for the approach of the wall. dd@ease is due to reduction of the flow betwéencylinder and
the wall.
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Figure 7. Variation of the mean value (a) ants value (b) of the lift coefficient, with the gaptia
4. Conclusions

The results show as the presence of a moving \fatita the behavior of the Strouhal number andagr®dynamic
coefficients. A change in the behavior of theseapeaters with the reduction of the gap was observedgever, the
point where this change occurs is different forhemcalyzed parameters.

The preliminary analysis of the presented resuit®sgan idea of the mechanisms that control eaclhef
parameters, and also evidences the necessity ahalysis more detailed to describe the physicalhamgism that
governs this phenomenon.

The suppression of the vortex shedding was notreedelt is belived that this is a behavior inflged for the
absence of the boundary layer.
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