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Experimental Investigation Into the Flow Around a Stationary and Yawed Cylinder
Under Asymmetrical End Conditions
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Experiments with stationary and yawed cylinders were carried out at a recirculating water channel facility and aimed to
study the effects of the inclination in the force coefficients and in the vortex-shedding frequency. The cylinders were inclined at
0 (non-yawed case), 10, 20, 30, and 45 degrees. Force coefficients and the Strouhal number were evaluated by using the
Independence Principle (IP), which states a dependence of the flow characteristics only on the component of velocity normal to
the cylinder axis. The experimental results showed that when the cylinder was yawed at 45 degrees, there was no regular
vortex-shedding regime. A new result is the fact that the lift force spectra, as well as the mean drag coefficient, are different if
the cylinder is yawed in upstream or downstream orientation. This difference is associated with the asymmetrical end
conditions of the cylinder.

INTRODUCTION

The flow around a stationary circular cylinder is one of the most
widely-studied problems on the fluid mechanics theme. A cylinder
can be defined as a bluff body, because the flow separation occurs
on a significant proportion of its surface, as pointed out by Bearman
(1984). The flow around a non-yawed cylinder is dependent on
the Reynolds number (Re5, which was extensively studied. As
described in numerous works (e.g., Sarpkaya and Isaacson, 1981;
Blevins, 2001; Zdravkovich, 2003), the wake characteristics show a
dependence on Re. Thus, the hydrodynamic forces, as well as the
frequency of vortex shedding, present different behaviors according
to Re. Norberg (2003) presents a comprehensive literature review of
the values of the mean drag coefficient ( ±CD5, the root-mean square
(RMS), the lift force coefficient (C ′

L), and the Strouhal number (St5
for different regimes defined by Re. Despite the existence of several
works on the flow around a cylinder, there are some subjects on
the theme that still keep some unrevealed aspects, such as the case
in which the cylinder is not orthogonal to the free-stream velocity.

In the offshore scenario, the risers hanged in catenary are an
example of a problem in which the free-stream direction is not
orthogonal to the cylinder axis. Moreover, the yaw angle varies
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continuously along the structure. Another example is related to the
dynamics of platforms that present columns that are not orthogonal
to the free surface. An example of this kind of floating unit is
the Tension Leg Platform (TLP) presented in Williams (2008). In
this case, the VIM (Vortex-Induced Motion) phenomenon arises
from the flow around yawed structures and subsequent vortex
shedding.

In the case of a yawed cylinder, the free-stream velocity U� is not
orthogonal to the cylinder axes. For this kind of problem, the most
accepted approach is the Independence Principle (IP), proposed by
Hoerner (1965), which states that the flow characteristics depend
only on the component of the free stream that is normal to the
cylinder axes (Un). The flow around a yawed cylinder is shown in
Fig. 1. Angle �, as defined in Fig. 1, will be considered in this paper.
Most of the papers on the current subject aim at identifying a range
of angles in which the IP remains valid, even though the theoretical
studies discussed by Sears (1948) and Marshall (2003) verified
the validity of the IP in the case of an infinite length cylinder.
Because of the practical impossibility of an infinite length cylinder,
numerous works on the flow around a stationary or oscillating
finite yawed cylinder were carried out in the last decades.

In the case of a yawed and stationary cylinder, the end conditions
play a fundamental role in the wake characteristics, as stressed
by Thakur et al. (2004). The experimental investigation described
by Hogan and Hall (2011) and numerical simulations by Gioria
et al. (2012) presented some insights into the influence of the
flow developed near the end of the cylinder. The enlightening
experimental paper by Ramberg (1983) studied the angle of vortex
shedding � by manipulating the end-plate angles, and discussed the




