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Abstract
In this paper the ovo-gimensional and unsteady laminar
free stream flow across 4 circular eylinder in different
Reynolds numbers bas been investigated. The formations
of vortex shedding behind the circular cylinder under
uniform and fuetuating flows (60 Hz and 100Hz) are
simulated. The strength of the re-circulating wake for the
steady flow regime and also for the Strouhal frequeney of
vortex shedding is numerically caleulsted. Also the effect
of grid sensitvity i indicated. The resulis were shown
oo agreement between the numerical simulation and
Cxperimental data in uniform flow. The global quantities
such as drog coellicicnts, Strouhal number and the
Getailed Kinematic variables ware compared for the above
range of conditons for both uniform and fluctuating flov.
Keywords: circular cylinder, Unsteady-flow, Reynolds
Number, Vortex Shedding

Introduction
The flow around a circular cylinder due 1o the complex
mature of the flow remains a challenging problem in fuid
mechanics today. Cross-flow normel fo the axis of @
Stationary cireular cylinder and the associated problems of
heat and mass transport are encountered in @ wide variety
sinesring applications [1]. In this paper the two-
dimensional flow of an incompressible Mluid around @
cireular eylinder (Fig. 1), were simulated in both uniform
stream o and flow. All the
computations use an implicit pressure-based finte volume
fethod for time-aceurate prediction of the flow over the
circular cylinder. Both experimental measurements and
numerical computations have confinned the onsct. of
instability of the wake flow behind a cylinder beyond
eritical Reynolds number, leading finally to @ kind of
periodic flow identified by definite frequencics, well-
known in the lierature 25 the Von Karman vortex sre
[2]. No slip condition is imposed as initial conditions. Tn
ase of laminar flow past eylinders with regular polygonal
crossesection. the flow usually separales &t one of more
Sharp comers of the cross-section geometry itself, forming
a system of vortices in the wake on either side of the mid
symmetry The code is validated with the
Thompson's experimental data i uniform flow [3]. The
vorex shedding that take place bebind the circular
eylinder in there Reynolds number (100,200 and 300) has
Shown good accuracy with the experimental data. After
validation, the code was extended 1o compute fluctuating
flow across the cylinder and it can indicate vortes.
shedding betind it The numerical results from  both
uniform and fluctuzting flow were ompared.

fuctuating stream.

Governing equations
The govering equation for two-dimensional unsicady
laminar. incompressible flow is continuity (. 1) and
momentum equation (Eq.2)
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Where ¥ s the velosity vector, P indicaes the prssure
Fy i he body force ating on i,  is the scecration
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due to gravity and T cepresents Newionian viscous stress
tensor. The numerical solution algorithm is n terative
o step predictor-corrector procedure based on simples’
‘method. Tn the predictor sep, the momentum equations e
solved to advance the veloeity field partally in time for
guessed pressure field. The continaity is then ensured by
Solving a_Poisson cquation for pressure. cormection,
followed by relevant correction of the pressure and
weloeity field i the corrector step.

To-dimensional flow _computation _around _circular
cylinder has been caried out for different values of
Reynolds betseen 100 and 300 including both uniform
and fuctuating flow. In order to obain reliable and
accurate results, it is imporiant to choose carefully the
Tength and width of the computational domain and grid
size. I the siemulations, the domain of computations was
considered C-Grid that shows n figurel. Al the
numerical salutions are carried_oul under the same
eylinder diameter (lem) and 300 k as the domain
temperature. The mesh consists o s 100000 nodes and the
fluid was assumed water. To validate the code in uniform
flonw, the voriex shedding s simulated in a case for which
measarements are available in experimental data. Figure 2
shows Veloeity and Vertex shown by color in Re-300. As
it can be seen, figure 3 reveals thal the surface pressure
mumerical results are in good agreement with those of the
experiments for Reynolds— 300. The global quantities
such as drg coefficients, Stroubal number drag
coeflicient, pressure coefTicient and variebles like strcam
function, vorticity have boen obiained in fluctuatng flow
in two state (60 Tiz and 100H) were compared with the
wniforn flow in the above range of conditions. It can be
scen the numerical resulls are approximately accurate for
unsteady periodic lows in condition of he use propr of
erid and time siep size.

Concluding Remarks

Vortex shedding phenomenon wassimulaed_around
cireular cylinder by a numerical solution of transient 2D
Navier-Stokes cquations. The flow behavior behind a
cireular cylinder and wake structure were investigated for
both uniform and fuctuziing flow by using second order
accurute inmplicit fnite volume method. Computations.
have been carried out for Reynolds numbers beoween100
10 300 in the laminar voriex shedding regime. The
umsicady flow in the range of 48 1o 400 Reynolds number
cause to create the periodic vortex shedding downsiream
of the cylinder. From the numerical simulation in different
erid nodes nuber it can been observed that inerease in
erid nodes around the circular cylinder has significant
effet on fuctuating Mow behind the bady. Also the flow
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[image: image2.jpg]behind circular eylinder (while the inlet flow is wniform)
and real fuctuating (while the inlet flow is Muctuating) are
compared. The numerical results were compared with the
Thompson's experimental data in 100, 200 and 300
Reynolds Number in uniform Tov.
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Fig. 2 Velocity and Vertex shown by color in R
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Fig. 3 Surface pressurc around the cylinder in the
periodic laminar regime
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