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a b s t r a c t

The present study proposes a time domain model for the Vortex-induced Vibration (VIV) simulation of a
catenary riser under the combination of the current and oscillatory flow induced by vessel motion. In this
model, the hydrodynamic force of VIV comprises excitation force, hydrodynamic damping and added
mass, which are taken as functions of the non-dimensional frequency and amplitude ratio. The non-
dimensional frequency is related with the response frequency, natural frequency, lock-in range and
the fluid velocity. The relatively oscillatory flow induced by vessel motion is taken into account in the
fluid velocity. Considering that the added mass coefficient and the non-dimensional frequency can affect
each other, an iterative analysis is conducted at each time step to update the added mass coefficient and
the natural frequency. This model is in detail validated against the published test models. The results
show that the model can reasonably reflect the effect of the added mass coefficient on the VIV, and can
well predict the riser’s VIV under stationary and oscillatory flow induced by vessel motion. Based on the
model, this study carries out the VIV simulation of a catenary riser with harmonic vessel motion. By
analyzing the bending moment near the touchdown point, it is found that under the combination of the
ocean current and oscillatory flow the vessel motion may decrease the VIV response, while increase the
excited frequencies. In addition, the decreasing rate of the VIV under vessel surge is larger than that
under vessel heave at small vessel motion velocity, while the situation becomes opposite at large vessel
motion velocity.
© 2020 Production and hosting by Elsevier B.V. on behalf of Society of Naval Architects of Korea. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The catenary riser has been widely applied for the oil and gas
production in deep and ultra-deep water during the past few de-
cades. When it is subjected to the ocean current, periodically
shedding vortices appear at the two sides of the riser, exciting the
riser’s vibration, i.e. VIV. If the vortex shedding frequency is close to
the natural frequency of the riser, the VIV will be amplified, which
can significantly contribute to the fatigue damage. In the practical
engineering, the vessel motion induced response can be considered
as oscillatory flow between the riser and fluid, which can
contribute to the VIV as well as the ocean current (Resvanis, 2008).

Therefore, the oscillatory flow should be taken into account in the
VIV prediction for reality.

VIV is a kind of complicated fluid-structure interaction. There-
fore, the Computational Fluid Dynamics (CFD) simulation is a
promising method for VIV prediction since it can well model the
hydrodynamic force and the vortex modes by solving the Navier-
Stokes (N-S) equation (Pan et al., 2007; Chen and Kim, 2010;
Gsell. et al., 2016; Zhao et al., 2013; Fu et al., 2018; Pearcey et al.,
2017). However, so far it is not suitable for the VIV prediction of
the field risers due to the limitation of the computational efficiency.
The empirical models are often applied to simulate the VIV hy-
drodynamic force of the large scale riser, including the wake
oscillator model (Facchinetti et al., 2004; Srinil et al., 2009) and the
force-decomposition model (Sarpkaya, 1978). The force-
decomposition model has been widely used during the past two
decades. Its application in the frequency domain method is rela-
tively mature. Now there are commercial softwares, such as Shear7
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(Vandiver and Lee, 2005) and VIVANA (Larsen et al., 2005). The
frequency domain method is time-efficient, but it takes the riser
system as a linear model. Thus, it cannot take the nonlinear factors
into account, such as the nonlinear hydrodynamic force induced by
current variation and riser top motion, nonlinear boundary condi-
tion associated with the riser-seabed interaction, etc. Therefore, in
recent years many researchers have been dedicated to the inves-
tigation of VIV prediction in time domain. Finn et al. (1999)
established a time domain method for the Cross-Flow (CF) VIV
prediction based on a proposed algorithm. This method utilized a
methodology in Blevins (1990) to determine the frequency and
phase associated with the excitation force. Sidarta et al. (2010)
established a time domain model based on the same methodol-
ogy. Thorsen et al. (2014) proposed a method synchronizing the
excitation force with structure motion for the CF VIV simulation in
time domain. The In-Line (IL) VIV has significant effect on the fa-
tigue damage, so its prediction in time domain also has been
investigated (Xue et al., 2015; Ulveseter et al., 2017). Recent years
how to reflect the effect of the added mass on the VIV has been
investigated for accurate prediction. Tsukada and Morooka (2016)
and Teixeira and Morooka (2017) determined the added mass co-
efficient based on a pre-analysis, and then applied the added mass
coefficient in the time domain VIV simulation. Yuan et al. (2017)
proposed a method to calculate the averaged added mass coeffi-
cient for VIV simulation. Zhang et al. (2018) suggested that the
addedmass coefficient equal to 2.0 should be applied, and validated
it based on the experiment in uniform flow.

Vessel motion can lead to the riser’s response, generating rela-
tively oscillatory flow between riser and fluid. The VIV experiment
of a flexible riser in Fu et al. (2014) indicated that the VIV can be
affected by the oscillatory flow, and is significantly related with the
KC number. Wang et al. (2014) employed a catenary riser model to
experimentally investigate the vessel heave induced VIV, and found
that the VIV is significantly related with the amplitude and period
of vessel heave. Based on these experiments, some numerical
simulations in oscillatory flow were performed (Thorsen et al.,
2016; Yuan et al., 2018). Overall, the VIV in steady and oscillatory
flow is widely investigated. However, the VIV characteristics of a
riser under the combination of the ocean current and oscillatory
flow induced by vessel motion are rarely reported.

The present study established a numerical model for the VIV
simulation of a catenary riser with coplanar current and vessel
motion. This model decomposes the hydrodynamic force into three
components: excitation force, hydrodynamic damping and added
mass. The first two components correspond to the power input
from the fluid to the riser and power output from the riser to the
fluid, respectively. The added mass coefficients are updated at each
time step based on an iterative analysis to determine the non-
dimensional frequency, which is then applied to update the exci-
tation coefficient. As for the hydrodynamic damping, an empirical
equation is utilized. Based on the published experiments, the nu-
merical model is in detail validated. The predicted results also
indicate that it can well capture the added mass and reflect the
effect of the oscillatory flow on VIV. Subsequently, this study con-
ducts the VIV simulation of a catenary riser with current and har-
monic vessel motion in the installation plane. It is found that the
vessel motion can decrease the VIV response, while leads to large
excited frequencies. In addition, compared with the vessel heave,
the vessel surge corresponds to large decreasing rate of the VIV at
small vessel motion velocity, while small decreasing rate at large
vessel motion velocity.

2. Methodology

The catenary riser is a kind of nonlinearly slender structure

connecting seabed and vessel (see Fig. 1), which response can be
described based on the Euler-Bernoulli beam theory:

m€rþ c _rþðEIr00Þ00 � ðTr0Þ0 ¼ fe (1)

where r is the position vector, m is the riser mass per unit length, c
is the structural damping, EI is the bending stiffness, T is the
effective tension, fe is the hydrodynamic force.

In this study, the condition with vessel motion and ocean cur-
rent in the installation plane is applied. The hydrodynamic force
aligned with the fluid velocity (IL direction) is simply modeled
using the Morison equation (V and 2010. Dynamic Risers, 2010).
The hydrodynamic force transverse to the fluid velocity (CF direc-
tion) excites the VIV, which has been addressed by the authors (Xue
et al., 2015; Wang et al., 2013). In this study, it is improved by
elaborating the addedmass coefficient and considering the effect of
the oscillatory flow. Additionally, a hydrodynamic damping model
independent of the VIV frequency is introduced in (Thorsen et al.,
2014). For completeness, the hydrodynamic forces are formulated
below.

2.1. IL hydrodynamic force

The IL hydrodynamic force normal to the riser is simplymodeled
using the Morison equation given by:

Fig. 1. Configuration of a catenary riser.
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fw ¼1
2
rCDjVreljVrel þ rCm;ILAb

_Vrel þ rAb
_V (2)

where the CD and Cm;IL are the drag coefficient and added mass
coefficient in IL direction, respectively, r is fluid density, D is riser
diameter, Ab is the cross section area, Vrel and V are the relative fluid
velocity and current velocity normal to the riser axis, respectively.
In this study, the fluctuation of the CD induced by the vortex
shedding is neglected, but the application effect of the CF VIV on the
CD is considered by (Vandiver, 1983):

CD ¼CD0
�
1þ1:043ð2yRMS=DÞ0:65

�
(3)

where CD0 is the mean drag coefficient of a steady cylinder, yRMS is
the Root Mean Square (RMS) of VIV displacement expressed as:

yRMS¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
T

ðtþT

t

y2dt

vuuut (4)

where T is the time span, y is the VIV displacement. In this study,
the T is set to about 10 times VIV period.

2.2. CF hydrodynamic force

2.2.1. Hydrodynamic force formulation
When the vortex shedding frequency at a riser element is close

to one natural frequency of the riser, the lock-in is prone to occur
between the vortex shedding and the natural mode. The hydro-
dynamic force associated with this mode can be expressed as:

fL ¼
1
2
CVrDV

2
relcosðutþfÞ � Cm;CFrAb

_Vs (5)

where CV is excitation coefficient, Cm;CF is added mass coefficient in
CF direction, A is VIV amplitude, f is phase angle, Vs is the VIV
velocity. fp represents the dominant frequency and u is equal to
2pfp. The f is set to p=2 when the modal shape value at this riser
element is positive, and is set to�p=2 when the modal shape value
is negative. This can ensure the synchronization between the
excitation force and the vibration of this mode.

Due to the multi-modes feature of the riser VIV, the hydrody-
namic force exerted on each riser element is a result of the power
input from the excitation force and the power output due to the
hydrodynamic damping. The hydrodynamic damping can be
expressed as (Thorsen et al., 2014):

fd ¼ � 1
2
C1rDVVs � 1

2
C2rDjVsjVs (6)

where C1 and C2 are the linear and quadratic damping coefficients.
Therefore, the total hydrodynamic force for the VIV can be given

by:

fy ¼1
2
CVrDV

2
relcosðutþfÞ� 1

2
C1rD

��Vrel
��VVs �1

2
C2rDjVsjVs

� Cm;CFrAb
_Vs (7)

2.2.2. Hydrodynamic force coefficient
The CV is a function of the amplitude ratio ðA* ¼ A =DÞ and non-

dimensional frequency (fr ¼ fpD=jVrelj) (Gopalkrishnan, 1993). The
lock-in range is defined by fr approximately ranging from 0.125 to
0.2, in which the vortex shedding is prone to synchronize with the

element vibration. For different Strouhal number (St), the fr should
be corrected by (fr=St)test ¼ (fr=St)actual. The St is a function of
Reynolds number (Norbeg, 2003). The CV in the lock-in range is
employed in Eq. (7). When the fr is not in the lock-in range, the CV is
set to zero. As the key to calculate the CV , the fp is defined as fol-
lows: if the fexD=jVrelj falls in the lock-in range, the fp is taken to be
the natural frequency closest to 0.17jVrelj=D; if not, the fp is set to fex.
The fex is the actual VIV response frequency, and 0.17 is the non-
dimensional frequency corresponding to maximum excitation
coefficient.

As for the hydrodynamic damping, Thorsen et al. (2014)
approximated the C1 and C2 to be 0.485 and 0.936 A*, respec-
tively, based on an empirical damping model (Venugopal, 1996).
Some researchers have focused on the added mass coefficient as
summarized in the introduction section, but they do not consider
its variationwith the varying flow velocity. As an improvement, this
study takes the added mass coefficient as a function of fr (Larsen
et al., 2005), and iteratively calculate it at each time step.

Fig. 2 demonstrates the flowchart of the iterative calculation. In
this study, the numerical simulation is carried out in the com-
mercial software, ABAQUS. black hydrodynamic force is exerted on
the riser by using the subroutine UEL. The convergent dominant
frequency and added mass coefficients are taken as input for the
next time step. It should be noted that the hydrodynamic co-
efficients are based on the test of forced harmonic vibration of rigid
cylinder in steady flow. The validity of the test data used for the VIV
prediction in oscillatory flow is unknown. This study applies the
test data to simulate the hydrodynamic force based on the
following simplifications: (1) each cycle response of the riser
element is assumed to be a sinusoidal function. The effect of a cycle
response on the next one in terms of the hydrodynamic coefficients
is not taken into account; (2) the hydrodynamic coefficients are
only related with the present flow velocity. Black effect of the flow
velocity in the previous steps on the hydrodynamic coefficients is
not taken into account.

3. Validation

3.1. VIV in uniform current

The VIV experiment of a flexible riser in Chaplin et al. (2005) is
simulated. The main parameters of the riser are presented in
Table 1. The 45% lower part of the riser is submerged into the
towing tank, thus subjected to uniform current when the carriage
moves with constant speed. The upper part is in a tank full of water
without any space, which moves with the carriage. This study
employs two cases of the experiment to conduct the simulation: (1)
Vrel ¼ 0:16m=s, (2) Vrel ¼ 0:21m=s. The corresponding top tensions
are 405 N and 407 N, respectively.

Fig. 3 (a) and (b) demonstrate that the dominant frequency
tends to constant after several update of the addedmass coefficient.
The corresponding added mass coefficients are shown in Fig. 3 (c)
and 3 (d). It can be seen that the addedmass coefficient at the lower
part of the riser is about 0.31 for case (1), while is up to 1.8 for case
(2).

Fig. 4 shows the displacement profile of the VIV. When
considering the added mass coefficient varying, the predicted
maximum displacements for the two cases are in good agreement
with the experimental data. However, if the added mass coefficient
is set to 1.0, the VIV will be significantly underestimated. Overall,
the present model can reflect the effect of the added mass coeffi-
cient on the VIV.
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3.2. VIV in oscillatory flow

Fu et al. (2014) carried out the VIV experiment of a horizontally
configured flexible riser in the oscillatory flow. The oscillatory flow
is generated by exerting a horizontally sinusoidal oscillation (x ¼
Amsinð2pt =TÞ) on the riser, causing VIV in the vertical direction.
Four cases were performed with the following parameters: (1)
Am ¼ 0:12m;T ¼ 2:5s; (2) Am ¼ 0:12m;T ¼ 1:8s; (3) Am ¼ 0:68m;

T ¼ 16:5s; (4) Am ¼ 0:68m; T ¼ 10:2s. This study employs these
cases to validate the validity of the present method for the VIV
prediction in oscillatory flow. Table 2 presents the parameters of
this riser. The first natural frequency in still water is 2.68 Hz.

Fig. 5 illustrates the VIV response at mid-point of the riser under
different cases. For the numerical and experimental results, the first
mode is the dominant mode for all cases, but due to the variation of
the added mass the associated dominant frequencies deviate from
the first natural frequency in still water. It can be noted that the
predicted dominant frequencies show good agreement with that
obtained from experiment except case (3), for which the percent-
age error of the numerical result is about 6.25%. For case (1), the
experimental result shows slightly irregular response, meaning the
existence of other frequency component, which is not captured by
the numerical simulation. Compared with case (1), case (2) has
more regular response, and larger response amplitude. This is ob-
tained by the numerical simulation. For cases (3) and (4), the VIV
response has a periodically increasing and decaying process. The
response approximately reaches to the maximum at the maximum
fluid velocity. When the fluid velocity decreases to a certain value,
the non-dimensional frequency is out of the lock-in range, causing
the hydrodynamic damping to be exerted on the riser. Because the

existing time of the hydrodynamic damping is relative long, the
response is attenuated to a small value. This is well presented by
the numerical simulation.

3.3. VIV induced by vessel heave

In this section the experimental model in Wang et al. (2014) for
the VIV of a catenary riser induced by vessel heave is simulated. The
relative flow between the riser and the fluid induced by vessel
heave can be taken as oscillatory flow (Resvanis, 2008). The
particular parameters of the catenary riser are presented in Table 3.
The water depth is 9 m. This study employs two cases to conduct
the numerical simulation. The heave amplitudes and periods of the
two cases are: (1) Am ¼ 0:37m; T ¼ 5:96s; (2) Am ¼ 0:105m; T ¼
5:96s. Because there is touchdown zone, the seabed is modeled
using a linear spring in vertical direction, which allows the sepa-
ration between the riser and seabed by setting tension stiffness to
be zero. The touchdown zone also experiences lateral and axial
friction. The friction coefficient can be set to 0.5 (Elosta et al., 2014).

Fig. 6 shows the RMS of the IL relatively flow velocity along the
riser. The maximum RMS of the velocity for cases (1) and (2) are
0.344m/s and 0.105m/s, respectively. Figs. 7 and 8 demonstrate the
time history of the VIV induced strain at two positions for cases (1)
and (2): position A with an arc length of 7.29 m to the bottom end;
position B with an arc length of 20.96 m to the bottom end. The
high-frequency noise and low-frequency component are filtered
out as well as the experimental data. It can be seen that because the
relatively fluid velocity changes in time and space, the strain is
strongly irregular. In addition, the increasing and decaying process
is observed by the experiment and the numerical simulation at
position B for case (1) (see Fig. 7 (b)). The numerically obtained
strain is not synchronized with that obtained from the experiment,
but the variation ranges are similar. Fig. 9 shows the amplitude
spectrum of the strain at position B. For case (1), the bandwidth of
the excited frequencies ranges from 2.0 to 4.0 Hz, which is similar
with the experimental data. As regards case (2), the experimental
data indicated that response has the dominant frequency equal to
1.2 Hz, so the present model slightly overestimates the excited
frequency (see Fig. 9 (b)). The numerically and experimentally ob-
tained RMS of the strain along the riser is compared in Fig. 10. It can
be seen that the results are overestimated at the middle and lower

Fig. 2. Flowchart of the iterative calculation for the added mass coefficient and dominant frequency.

Table 1
Key parameter of the Chaplin’s riser model.

Parameters Value

Length 13.12 m
Diameter 0.028 m
Submerged weight 12.1 N=m
Bending stiffness (EI) 29.9 Nm2

Axial stiffness (EA) 5.88 MN
Structural damping ratio 0.33 %
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Fig. 3. Updating results of the dominant frequency and added mass coefficient.

Fig. 4. Displacement profile of the VIV.
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zones for case (1), and the middle zone for case (2). The percentage
errors of the maximum strain are 10.5% and 10.9% for case (1) and
(2), respectively. Overall, although there are some differences with
the experimental data in terms of the excited frequencies and the
strain, the predicted results are satisfying.

4. VIV under the combination of current and vessel motion

In this section, the VIV characteristics of a catenary riser under
the combination of the ocean current and vessel motion are
investigated. The relative flow (oscillatory flow) between the riser
and the fluid induced by vessel motion is combined with the ocean
current to calculate the hydrodynamic force. The parameters of the
riser and the current profile are listed in Tables 4 and 5, respectively.

The vessel motion and current is assumed in the installation
plane. Table 6 presents the vessel motion parameters, where the Vm

are the maximum velocity of the vessel motion. The KC number is a

key parameter affecting the VIV. Considering it varies along the
riser, the effect of the motion velocity and period on the VIV is
investigated. Since the touchdown point of a catenary riser is often
paid much attention to, the response at the lower zone close to the
touchdown point is analyzed. In these analyses, the vessel heave
and surge are exerted on the riser’s top end separately.

Fig. 11 show the RMS of the VIV induced bending moment (SM)
along the riser at the lower zone. It can be noted that the position of
the maximum SM changes with the varying Vm and T of the vessel
motion. Due to the existence of vessel motion with T ¼ 10s, the
bending moment (SM) is to some extent modulated with a period
of 10 s, as marked by the red dash line in Fig. 12. Additionally, it can
be seen that the modulation in Fig. 12 (b) is stronger than that in
Fig. 12 (a). The reason is that the vessel motion in Fig. 14 (b) leads to
stronger oscillatory flow. Figs.13 and 14 demonstrate the amplitude
spectrums of the SM at the position with arc length of 235 m to the

Table 2
Key parameters of the riser model in oscillatory flow.

Parameters Value

Length 4 m
Outer diameter 0.024 m
Mass per unit length 0.69 kg=m
Tensile stiffness 6.67� 105 N
Bending stiffness 10.5 Nm2

Pretension 500 N
Structural damping (in air) 1.5 %

Fig. 5. Comparison of VIV displacement at mid-point of the riser.

Table 3
Key parameters of the catenary riser model.

Parameters Value

Length 23.71 m
Hang-off angle 46.24 deg
Length of sag-bend 21.08 m
Horizontal length of sag-bend 48.417 N
Outer diameter 0.024 m
Mass per unit length 0.69 kg=m
Tensile stiffness 6.67� 105 N
Bending stiffness 10.5 Nm2
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Fig. 6. IL relatively flow velocity normal to the riser.

Fig. 7. Time history of the strain for case (1): (a) heave displacement; (b) position A; (c)
position B.

Fig. 8. Time history of the strain for case (2): (a) heave displacement; (b) position A; (c)
position B.

Fig. 9. Amplitude spectrum of the strain at position B: (a) case (1); (b) case (2).

Fig. 10. RMS of the strain along the catenary riser: (a) case (1); (b) case (2).

Table 4
Key parameters of the catenary riser.

Parameters Value

Water depth 1000 m
Length 1410.8 m
Outer diameter 0.3 m
Inner diameter 0.268 m
Mass per unit length 175 kg=m
Elastic modulus 210 GPa
In-plane mean drag coefficient 1.0
In-plane added mass coefficient 1.0

Table 5
Current profile.

Depth to seabed (m) V (m=s)

0 0.11
700 0.25
874 0.70
900 1.00
925 1.25
1000 1.75
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bottom end under vessel heave and surge, respectively. It can be
noted that the excited modes increase with the vessel velocity,
especially for the vessel surge. The reason is that the upper zone
with large current velocity belongs to the lock-in region, so the
combination of the current with the oscillatory flow at upper zone
may increases the excited frequencies. In addition, the vessel surge
can contribute more to the oscillatory flow normal to the riser
element at the upper zone than the vessel heave, leading to larger
excited frequencies.

Fig. 15 shows the maximum RMS of the SM as a function of the
Vm. It can be seen that at small Vm the vessel heave has little effect

on the maximum SM, but with the increase of heave Vm the
maximum SM significantly decreases. Likewise, as the surge Vm

increases, the maximum SM also decreases with an obviously
decreasing rate. This trend is different from the results under pure
oscillatory flow induced by vessel heave in section 3.3, where large
Vm(case (1)) causes large VIV. One of the reasons is that the nega-
tive peak in the pure oscillatory flow corresponds to the peak of
jVrelj, but it may correspond to small jVreljwhen combined with the
ocean current, leading the fr out of the lock-in range. The T also has
effect on the VIV, and the effect seems to be smaller than the Vm.
When the T increases from 5 s to 10 s with constant Vm, the change
of the maximum SM is not obvious. Noted that the T ¼ 5s is close to
the natural period of the ninth wet mode with natural frequency
equal to 0.196 Hz. This means that the effect of the resonance for
the catenary riser is not significant. The reasonmay be that the drag
force plays an important role to damp down the resonant response.
Additionally, it can be noted that at small Vm the maximum SM
under vessel surge has quicker decrease than that under vessel
heave, while at larger Vm the latter has larger decreasing rate and
even becomes smaller than the former. The explanations may be
that only when the ratio of the oscillatory flow which is normal to
the riser to the ocean current is in a specific range, the vessel

Table 6
Parameters of vessel motion.

Case Vessel motion T (s) Am (m) Vm (m=s)

1 Heave 10 0.05�1.05 0.031�0.66
2 Heave 5 0.025�0.525 0.031�0.66
3 Surge 10 0.1�1.5 0.063�1.19
4 Surge 5 0.05�0.75 0.063�1.19

Fig. 11. RMS of the SM at the lower zone: (a) heave Vm ¼ 0.283 m/s (b) surge
Vm ¼ 0.691 m/s.

Fig. 12. Time history of the SM at the position with arc length of 235 m to the bottom
end: (a) heave with T ¼ 10 s and Vm ¼ 0.283 m/s (b) surge with T ¼ 10 s and
Vm ¼ 0.691 m/s.

Fig. 13. Amplitude spectrum of the SM at the position with arc length of 235 m to the
bottom end under different vessel heave Vm with T ¼ 10 s.

Fig. 14. Amplitude spectrum of the SM at the position with arc length of 235 m to the
bottom end under different vessel surge Vm with T ¼ 10 s.
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motion can lead to the significant decrease of the VIV. Also, the Vm

of vessel surgewith the ratio in this range is smaller than that of the
vessel heave. In addition, under given Vm the vessel heave gener-
ates larger oscillatory flow at the lower zone than vessel surge (see
Fig. 16), which can leads to larger hydrodynamic damping for VIV at
this zone according to Eq. (6).

5. Conclusions

The present study establishes a numerical model to investigate
the VIV of a catenary riser considering the oscillatory flow induced
by the vessel motion. In this model, an improved hydrodynamic
force including time-varying excitation force, added mass and hy-
drodynamic damping is employed. The added mass coefficient and
dominant frequency is updated at each time step based on an
iterative analysis. Based on the test data in literatures, the present
model is in detail validated. The numerical results of flexible risers
under stationary flow and oscillatory flow induced by vessel mo-
tion show good agreement with the test data in terms of the VIV
displacement and excited frequencies. So the present model can

take into account the effect of the oscillatory flow induced by vessel
motion on the VIV.

Based on this model, the present study carries out the VIV
simulation of a catenary riser under the combination of the ocean
current and the oscillatory flow induced by harmonic vessel mo-
tion. The bending moment at the lower zone is analyzed. In these
analyses, the Modulation of the VIV response is observed. The
vessel surge induces larger oscillatory flow normal to the riser at
the upper zone than the vessel heave, so it can give more increase
of the VIV excited frequencies. Additionally, it is found that the VIV
decreases with the increase of the vessel velocity, and the
decreasing rate can be significantly affected by the ratio of the
oscillatory flow normal to the riser to the ocean current. At small
velocity the decreasing rate under vessel surge is larger than that
under vessel heave, while at large velocity the situation is opposite.

Overall, when the vessel motion induced response is aligned
with the current, the vessel motion may play a role mitigating the
CF VIV. This conclusion should be further verified by the experi-
ment and the CFD simulation of the flexible riser.
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