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PLANTS

F

low induced and acoustic
induced vibrations are
recognised as a problem in
process plants, as they can induce
piping and supports fatigue and
rupture in a very short time (from
minutes to days, depending on
vibration frequency).
The above broad family of
phenomena include low
frequency and high frequency
pulsations that can be generated
by a variety of sources. Among
those falling in the low to
medium frequency range, there is
the so called flexible riser
‘singing’ or whistling, which was
observed in several floating
production plants, in some cases
leading to piping failures at small
bore dead leg branches, due to
resonance between the flexible riser
noise source and the piping. The fatigue
can arise either in the subsea or the
topside piping of the floating facility by
fluid dynamics to acoustic coupling, as a
first step, and by an acoustic to
mechanical coupling, as a second step.
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collapses into the cavity, generating trailing vortexes. This
occurs at relatively high speed. Given the regular gap
between the subsequent cavities in corrugated pipes of
standard production, vortexes are regularly spaced in
length and time, thus generating a tonal noise depending
on the speed and on the corrugation cavities gap.
The above condition is necessary but not sufficient by
itself, as self excited positive feedback (i.e. lock on) arises
only if acoustic resonances also fall close to the vortexes
frequency range. In relatively short corrugated pipes (e.g.
having L/D ratio lower than 100) the minimum fluid
velocity for singing onset depends both on the pipe length
and on the boundary conditions at the pipe ends, with the
related acoustic reflection coefficients, which determine
the pipe acoustic resonant modes. In long tubes, such as
the floating facilities risers, having high L/D ratios (e.g.
higher than 100), the acoustic modes have such a low
Figure 1. Riser singing source: turbulent vortex generation
frequency gap between each other (e.g. below 1 Hz) that
at the corrugated wall cavities (thin arrow shows flow direction;
the resonant modes’ frequencies increase linearly, with
thick arrows show acoustic wave propagation).
practically no steps or gaps in between, regardless of the
boundary conditions’ effects.
An acoustic lock on may then occur with the acoustic
The origin of this phenomenon is the tonal noise
resonances of the piping systems connected to the riser
generated at the corrugated inner wall of the risers
ends, if they fall within the vortexes excitation range.
(Figure 1), which creates turbulence and, under certain
The vortex frequency of the most likely vortex mode
conditions, self sustained shear layer instabilities due to
being excited prior to lock on (the 2nd fluid dynamic
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The boundary layer growth length x then is, according to Eq. 7:

The riser singing onset velocity Umin is, according to Eq. 6:
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Figure 4. Acoustic transfer function of the turret piping from

the riser to the connection with the topside plant at 250 Hz under
one of the operating cases considered (by ACUSYS 10, 11).
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