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Vertical Riser VIV Simulation in Sheared Current
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This paper studied a vertical riser VIV under sheared current using numerical simulation and presented the results
and their comparisons to published experimental data. The riser was made of a 9.63-m brass pipe with an OD of 0.02 m
(L/D = 482) and mass ratio of 1.75. In the experiment the riser was positioned inclined with top tension of 817N and
pinned at its 2 ends to the test rig. Rotating the rig in the wave tank would simulate the sheared current. In our numerical
simulation we pinned the riser’s ends to the ground and imposed a linearly sheared far field incoming current. The riser
and its surrounding fluid were discretized using 1.5 million elements. The flow field was solved using an unsteady Reynolds-
Averaged Navier-Stokes (RANS) numerical method in conjunction with a chimera domain decomposition approach with
overset grids. The riser was also discretized into 250 segments. Its motion was predicted through a tensioned beam motion
equation with structural damping. The external force terms were obtained by integrating viscous and pressure loads on
the riser surface. We then processed the critical parameters including riser VIV a/D, vorticity contours, response histories
and spectra, and VIV-induced fatigue. Finally, comparisons were made to the experimental data and conclusions drawn. In
general the VIV simulation results agree well with the experimental data. It is concluded that the present CFD approach is
able to simulate the vertical riser VIV in sheared current. In addition, it can also predict the VIV-induced fatigue damage.

NOMENCLATURE

a= VIV response amplitude
Ca = added mass coefficient
CD = drag coefficient
CL = lift coefficient
D = riser nominal diameter
DI= damage index
Do = riser stress calculation diameter
Ds = riser structural damping coefficient
E = riser pipe Young’s modulus
fz = mean zero-upcrossing period
h= riser mesh length
I = riser sectional moment of inertia
L= riser overall length
m= riser unit mass, or S-N curve slope

OD = riser physical outer diameter
rms= root mean square
T = riser effective tension
U = current velocity
U1 = current velocity at riser top
U2 = current velocity at riser bottom
w = riser tension gradient
�= circumferential angle
� = resultant stress on riser surface
�y = stress component in y direction
�z = stress component in z direction
�= fluid density
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INTRODUCTION

Riser VIV numerical simulation has been an area of interest for
many years. Many of these investigations are limited to a 2D or
3D rigid riser. A good summary of the publications on VIV sim-
ulation of a stationary and oscillating cylinder was provided by
Dong and Karniadakis (2005). However, only a limited quantity
of publications showed the capability of performing the CFD sim-
ulation on long flexible risers—i.e. the risers will experience both
mean deflection due to drag force and VIV-induced in-line and
cross-flow vibrations—in 3D. Some of the popularly used CFD
tools for riser VIV simulation were discussed by Chaplin et al.
(2005). Holmes et al. (2006) also published an interesting CFD
approach to simulate a riser VIV in full 3D by using 10 million
unstructured elements. Their results were compared to experimen-
tal data (Trim et al., 2005), and the comparisons were reasonably
good. The same method was also applied to a VIV simulation of
a long riser with L/D = 4200 (Constantinides and Oakley, 2008a
and b) and a benchmark with the experiments, which were car-
ried out by the Deepstar JIP in the Gulf Stream (Vandiver et al.,
2006; Jhingran et al., 2008). The ANSYS MFX package, a newly
released feature by ANSYS Inc., is being used for riser VIV sim-
ulations as well (Chen and Kim, 2010). We also demonstrated that
the long riser VIV could be analyzed by using the Chimera (over-
set grid) technique embedded CFD approach and Finite-Analytic
Navier-Stokes (FANS) code. This method was developed by Texas
A&M and has been applied to various VIV studies in many areas
(Pontaza et al., 2004, 2005a, b and c; Pontaza and Chen, 2006;
Chen et al., 2007); it has been further improved recently to incor-
porate the flexible riser motion calculation module (Huang and
Chen, 2006; Huang et al., 2007a, 2007b, 2007c, 2007d) and VIV-
induced fatigue calculation module (Huang et al., 2008). Last year
several selected sets of long riser VIV experimental data were
released to the public by the oil and gas industry. Among these
data, 2 sets were donated by ExxonMobil and measured on a




