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NUMERICAL SIMULATION ANALFSIS OF
INTERATION CHARACTERISTICS OF
VORTEX-INDUCED VIBRATION OF DEEP-SEA RISERS

ABSTRACT

With the lack of the land resources and the rising international resource prices, because of the
development of science and technology, people can gradually carry out the exploitation of marine
oil and gas, and begin to proceed to the deep sea. The aspect ratio, the number and the type of the
risers gradually increase, due to the increase of the depth of the mining area and the pursuit of
efficiency on the offshore operating platform. Under the action of the current, the effect of the
vortex-induced vibration interaction between the risers on the fatigue damage of the riser structure
can not be neglected. At present, the cost-effective of the physical model test is too low. Also,
there are many problems in the physical test. So, it is of great significance for us to analyze the
result of the numerical simulation analysis of the interaction between the multi-riser. In this paper,
a numerical simulation model is established for four pairs of tandem risers with different center
distances. Moreover, since the vibration of the riser in the cross-flow direction, which is the main
role of the fatigue failure of the riser, is more intense than that in the in-line direction. The
vortex-induced vibration characteristics of the cross-flow of the riser are mainly discussed here.
By solving the simultaneous equations among RANS Navier-Stokes equations, the equations of
motion of the beam elements in the finite element method and two equations of the SST k-w
turbulence model, the numerical simulation of the flexible riser with fluid-structure coupling and
large deformation is made, using viv-SJTU-FOAM solver. By comparing with the single riser, it is
to analyze the difference of the cross-flow motion between the existence of the single riser and the
existence of the tandem risers. This paper focuses on the interaction between the center spacing
and the cross-flow motion of vortex-induced vibration of the tandem risers, including the analysis
of the spacing between the response vibration amplitude, the main vibration mode and the main
vibration frequency of the cross-flow motion of the risers and so on.

Key words: viv-SITU-FOAM, VIV, tandem riser, numerical simulation
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NUMERICAL SIMULATION ANALFSIS OF
INTERATION CHARACTERISTICS OF
VORTEX-INDUCED VIBRATION OF DEEP-SEA RISERS

With the lack of the land resources and the rising international resource prices, because of the
development of science and technology, people can gradually carry out the exploitation of marine
oil and gas, and begin to proceed to the deep sea. The aspect ratio, the number and the type of the
risers gradually increase, due to the increase of the depth of the mining area and the pursuit of
efficiency on the offshore operating platform. Under the action of the current, the effect of the
vortex-induced vibration interaction between the risers on the fatigue damage of the riser structure
can not be neglected. At present, the cost-effective of the physical model test is too low. Also,
there are many problems in the physical test. So, it is of great significance for us to analyze the
result of the numerical simulation analysis of the interaction between the multi-riser.

The research results of vortex-induced vibration of riser cylinders at home and abroad are
expounded. Besides, the research process in this direction is well organized. Also, the advantage
of using a two-dimensional model based on strip theory in computational fluid dynamics is
analyzed.

Moreover, since the vibration of the riser in the cross-flow direction, which is the main role
of the fatigue failure of the riser, is more intense than that in the in-line direction. The
vortex-induced vibration characteristics of the cross-flow motion of the riser are mainly discussed
here. In this paper, a numerical simulation model is established for four pairs of tandem risers with
different center distances. By solving the simultaneous equations among RANS Navier-Stokes
equations, the equations of motion of the beam elements in the finite element method and two
equations of the SST k-w turbulence model, the numerical simulation of the flexible riser with
fluid-structure coupling and large deformation is made, using viv-SJITU-FOAM solver. By
comparing with the single riser, it is to analyze the difference of the cross-flow motion of the risers
between the existence of the single riser and the existence of the tandem risers.

This paper focuses on the interaction between the center spacing and the vortex-induced
vibration of the tandem risers, including the analysis of the spacing between the response vibration
amplitude, the main vibration mode and the main vibration frequency of the cross-flow motion of
the risers and so on.

When a single riser exits alone, the dominant mode shape is controlled by the 4" mode.
While two risers are connected in tandem shape, the vortex-induced vibrations of the two risers
will interact with each other. And the downstream riser does not have an effect on the main mode
of the upstream riser. The main mode of the upstream riser is the fourth order mode as the single
riser.

However, when the center distance of the double riser is 2D, the effect of the upstream riser
on the downstream flow of the riser is to make the main vibration mode of the downstream riser
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flow in response to vibration less than the first order of that of the single riser.

Under the influence of the vortex-induced vibration of the downstream riser, the main
vibration mode order of the upstream riser increases with the distance of the center of the risers,
and after the center distance increases to 4 times the diameter, the main vibration mode order of
the upstream riser is no longer increased. The size of the vortex of the upstream riser will affect
the vortex-induced vibration of the upstream riser. When the vortex size of the shedding becomes
larger, the vortex-induced vibration of the upstream riser becomes more and more intense, and the
main vibration mode changes from the fourth-order mode to the sixth-order mode. When the size
of the vortex is not changed, the main vibration mode of the upstream riser is unchanged, too. The
downstream riser suppresses the vortex-induced vibration of the upstream riser by suppressing the
size of the upstream riser shedding vortex by the vortex-induced flow field. As the size of the
shedding vortex of the upstream riser gradually increases, the vortex-induced vibration of the
upstream riser becomes more and more intense. The main vibration frequency increases from
about 4.69 Hz to about 7.0 Hz.

Under the influence of the eddy current flow field in the upstream riser, the main vibration
mode of the response vibration of the downstream riser is the 3" mode. However, as the center
distance decreases from 5 times to 3 times the diameter, the vortex-induced vibration of the
downstream riser is multimodal vibration and the effect of the 4" mode on the vibration mode of
the downstream riser increases gradually. When the shedding vortex of the upstream riser acting
on the downstream riser, the downstream riser will be excited to the 4™ mode. As the distance
increases, the shedding vortex of the upstream riser dissipates more energy, and the effect on the
downstream riser is getting smaller and smaller, and the effect of the fourth mode on the main
mode also becomes smaller and smaller. The main vibration frequency is about 3.6 Hz. And the
main vibration mode order of the response vibration of the downstream riser will be at least one
order less than the main vibration mode order of the response vibration of the upstream riser.

Therefore, in the riser design, the center distance should be avoided by 4 times the diameter
and 5 times the diameter in order to reduce the fatigue damage of the upstream riser. The center
distance should not be 3 times the diameter of the downstream riser. In the four cases where the
distance between the center of the tandem risers is 2 times the diameter, 3 times the diameter, 4
times the diameter and 5 times the diameter, twice the diameter of these options should be selected
to be the distance between the two risers.
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