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INTRODUCTION

The aim of this paper is to provide a contribution to the study of the 3D, high Reynolds
number, turbulent, separated and reattached flow around a fixed rectangular cylinder with chordto-depth ratio equal to 5. In spite of the simple geometry, it is believed that the problem is of
interest not only for the purpose of fundamental research, but also to provide useful information
on the aerodynamics of a wide range of bluff bodies of interest in Civil Engineering (e.g. long
span bridges decks, high-rise buildings, and so on) and in other Engineering applications.
A number of studies have been devoted to the aerodynamic behaviour of this bluff body
since the reference experimental works of Okajima [1] and Norberg [2]. On one hand, the lowReynolds number flow around rectangular cylinders has been clarified in both its 2D and 3D
features by several studies (e.g. [3, 4, 5]. On the other hand, the high-Reynolds number flow
(i.e. Re ≥ 1.e + 4) has been studied by means of both experimental and computational approach, with emphasis on both its dependence to chord-to-depth ratio [6, 7, 8] and its spanwise
coherence pressure characteristics [9]. Neverthless, according to the authors, some difficulties
remain in describing the complex flow phenomena that drive the fluctuating aerodynamic forces
acting on such kind of cylinders.
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The mechanisms responsible for the variation of the fluctuating aerodynamic forces and the
3D features of the flow are scrutinized in this study. The computational approach postprocessing
facilities are emploied to look for relevant relationships between flow structures, pressure field
and aerodynamic forces.
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FLOW MODELLING AND COMPUTATIONAL APPROACH

The 3D, turbulent, unsteady flow around the cylinder is modeled in the frame of the Large
Eddy Simulation approach to turbulence by the classical time-dependent filtered Navier-Stokes
equations, closed by a transport equation for the the kinetic energy k of the unresolved stresses
[10]. Dirichlet conditions on the velocity field and on the subgrid kinetic energy are imposed at
the inlet boundaries. Neumann conditions involving the velocity field and the pressure (null normal component of the stress tensor) as well as the same Dirichlet conditions on k are imposed at
the outlet boundaries. Periodic conditions are imposed on the side surface of the computational
domain. No-slip conditions are imposed at the section surface. Impulsive initial conditions are
introduced.
The Finite Volume open source code OpenFoam is used in the following to numerically
evaluate the flowfield. An unstructured mesh of polyhedral cells is employed. The cell-center
values of the variables are interpolated at face locations using a second order Central Difference Scheme for the diffusive terms and Limited Linear scheme for the convection terms [11].
Advancement in time is accomplished by the second-order implicit Euler scheme. The computational grid in space consists of about 6.33e + 6 cells. The nondimensional timestep needed
for an accurate advancement in time is ∆t = 1e − 3. Each simulation is extended along 150
time units in order to overcome the transient solution and to allow the statistic analysis of the
periodic flow. Computations are carried out on 8 Intel Quadcore X5355 2.66GHz CPU and
require about 2.5GB of memory and 15 days of CPU time for the whole simulation.
3

APPLICATION AND RESULTS
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The incoming flow is characterized by the Reynolds number Re = U D/ν = 4.0e + 4, where
U is the incoming flow velocity, D the deck dept and ν the kinematic viscosity, incidence α = 0
and turbulence intensity It = 1%. The cylinder rectangular cross section is characterized by
a chord-to-depth ratio B/D = 5 and by sharp corners. The spanwise length of the cylinder is
equal to L/D = 5.
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Figure 1: Mean drag coefficient and Strouhal number: comparison with results in literature

Figure 1 compares the present results with experimental and computational data collected in
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[8]. The obtained mean drag coefficient CD and Strouhal number St = nD/U , where n is the
dominant frequency in the lift spectrum, are in good agreement with the other data obtained at
the same chord-to-depth ratio.
Figure 2 gives an example of the attempt in relating the fluctuating lift coefficient CL (t) to the
instantaneous flow field, described by pressure distributions and vorticity magnitude isocontours
on the central section. It is worth to point out that (+) sign corresponds to counterclockwise

Figure 2: Lift time history, instantaneous Cp distributions and vorticity magnitude isocontours at the central cross
section

eddies, while (−) sign refers to clockwise ones. The low-pressure peaks on the sidesurfaces
clearly correspond to the travelling leading-edge vortices. The suction effects of the pairs of
leading-edge vortices along the upper and lower side surfaces approximately cancel each other,
while the CL maximum value is mainly due to the high-pressure region close to the lower
surface trailing-edge.
The 3D features of the flow around the 2D cylinder, mainly located downwind the reattachment point, are qualitativelly shown if Figure 3. The final paper will contain a quantitative
description of the 3D flow features by means of coherence function and Proper Ortogonal Decomposition of the side-surface pressure field.
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Figure 3: 3D vorticity magnitude isosurface (ω=20)
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