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1. Introduction

Current industry efforts target the use of comgosiiaterials to reduce the weight of the flexiblender pipe (riser),
which is widely used to transport oil from the seglio offshore facilities. The main objective ofsttendency is to
provide a new type of riser that can extract tHeabiwater depths of more than 2000 m. Neverthelies reduced
weight shifts the dynamic response of the rises atrange where fluid-structure interaction proldencrease. In this
paper, a response prediction model for risersasgmted and experimentally validated using data &d20-meter riser
model having a low mass-ratio (calculated as thgsro&the cylinder divided by the mass of the fidisplaced).

2. Response Prediction Model

The procedure presented by Riveros et al. [1] ésldgerein. In Eq. 1, the riser is idealized asarbwith low flexural
stiffness. A Cartesian reference is defined indais by the force motion at the top end of therrithez-axis is defined
in the direction of the riser’s axis and §zaxis is perpendicular to both.
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whereny is the mass of the riser per unit length(zt) is the deflectiong, is the damping coefficienEl is the flexural
stiffness, T, is the tension applied at the top of the rikeis the length of the riser andis the submerged weight. The
external fluid force i$y. The in-line force is computed according to Canpet al. [2] as shown in Eq. 2.
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wherep is the density of the surrounding fluif,is the cross-sectional area of the displaced ,fluidis the steady
velocity of the fluid in thex-axis andD is the diameter of the riser. The mean drag cdefit is denoted b€y ean, the
fluctuating drag coefficient by, the inertia coefficient b, and the added-mass coefficient@yf, is the dominant
frequency (most dominant frequency in §haxis or cross-flow directionj,4 is the phase of the drag with respect to
the cylinder’s displacement in the cross-flow dii@t. The transverse force can be computed as shotg. 3.
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U, is the relative in-line maximum velocitg, is the lift coefficient and;; is the phase with respect to the cross-flow
displacementC, varies with the amplitude of the cross-flow mot{@y) according to Blevinf3] as shown in Eq. 4.
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Finally, in order to consider the increment of dfagces during lock-in events, an increased meay doefficient
(Cbinc) model is selected based on an empirical formaigiresented by Khalak and Williamson [4] as showBg. 5.
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3. Experimental Validation

The experimental validation is carried out in théegrated Laboratory for Marine Environmental Peote (National
Maritime Research Institute). The response premtiatnodel presented in this paper is experimentallidated using a
20-meter model sinusoidally excited along #kaxis with amplitude of 0.08 m and period of 2 set The model is
excited in still water and steel bars are addetthéoriser model in order to increase its self-weidtne total weight of
the riser, including the steel bars, is 68.14NnBthconnections are used at its both ends aneérnk®n force, applied at
its top end, corresponds to 6.47Kgf. The riser rhimmade of polyoxymethylene having an outer di@mef 0.016 m,
inner diameter of 0.0108 m, density of 1410 K§jamd Young's modulus of 2.94 MPa. The proposedigtied model
is numerically implemented using the following pasiersCp=0.2, p4ag=0 andgix=0. Further information related to
the numerical procedure employed in this papereafound in Riveros et al. [1]. Finally, FFT ampties are computed
for all the sections of the riser in both in-linedacross-flow directions and depicted in Figs. @ anrespectively. Time
series response is shown #8¥r9 m and -12 m in Fig. 3.

4. Conclusions

In-line response is well predicted. On the othardhat is possible to observe significant differesidn the cross-flow
direction due to the non-sinusoidal response ofriber. Actually, accurate prediction of the crélssv response in
flexible risers is still challenging due to its hlg nonlinear nature. In addition, the assumptiweit Only one frequency
dominates the cross-flow response may introducsiderable deviations in its numerical calculation.

References

[1] Riveros, C., Utsunomiya, T., Maeda, K. andh|td. (2007).CFD Modeling of fluid structure interaction for
oscillating flexible risers, Journal of Applied Mechanics JSCE, 19, 1099-1108.

[2] Carberry, J., Sheridan, J. and Rockwell, D.0&0 Controlled oscillations of cylinders: forces and wake modes,
Journal of Fluid Mechanics, 538, 31-69.

[3] Blevins, R.D. (1990)Flow-Induced Vibration, Second Edition, Krieger Publishing Co., Florida.

[4] Khalak, A. and Williamson, C.H.K. (1999otions, forces and mode transitions in vortex-induced vibrations at low
mass-damping, Journal of Fluids and Structures, 13, 813-851.

Figures

[_);epth [m Depth [m]

El

—&— Experiment
—2— Simulation

| | | H T T T T T T

| L L H 3 I

' : ] ¥ TR H

: e E>‘<per’\mlent i /\\ i A " m N oA AA !

] —&— Simulation N LTSN AN A L of N NARTNG
: : : ; i f \ :

: £ N YT R
T R T TR T SB 4B 5 sio 0 2 : g s 1;0 7 m
P _ N . . time [sec.]
Amp in—line [mm] Amp crose—flow [mm] F|93 Time HlStory 12=-9m andZ:-12m
Fig. 1 FFT Amplitudes In-line Fig. 2 FFT Amplitudes Cross-flow ---- Simulation — Experiment

-1120-



