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NUMERICAL STUDY OF VORTEX-INDUCED
VIBRATIONS OF TWO TOP-TENSIONED FLEXIBLE
RISERS

ABSTRACT

Flexible riser is one of the important components of the offshore oil
and gas production system. It is prone to vortex-induced vibration under
the load of its own weight, top tension and ocean current. In practical
engineering, marine risers often appear in the form of riser groups. The
interaction between risers makes multi-riser vortex-induced vibration more
complicated. At present, the research on vortex-induced vibration of
flexible multi-risers is mainly focused on two risers, and the numerical
research is very limited. In this paper, the viv-FOAM-SJTU solver is
extended to solve the problem of vortex-induced vibration of two risers.
Based on this, the vortex-induced vibration of two flexible risers with top
tension is numerically studied.

In this paper, the flow field, structural calculation, fluid-solid
coupling interpolation and input-output modules of the viv-FOAM-SJTU
solver are firstly modified to realize the expansion of the vortex-induced
vibration solution of two risers, and the effectiveness of the solver is
verified by numerical simulations of vortex-induced vibration of an
isolated riser in uniform flow and two tandem risers in stepped flow.

Then, the effect of immersion length on the vortex-induced vibration
of two tandem risers is studied. The influence of immersion length on the
crossflow displacement responses of two risers is not obvious, the
crossflow frequency responses of two risers are very close, and the
crossflow dominant vibration modes are all first order. When the
immersion length is 0.55L and 0.7L, the high frequency and low amplitude
vibration occurs in the in-line direction of two risers, in which the



oSS N T e S VAT

upstream riser shows pure second order vibration mode, while the
downstream riser shows multi-modal vibration characteristics. With the
increase of immersion length, the in-line vibration equilibrium positions of
two risers shift toward the flow direction.

Finally, vortex-induced vibration of two flexible risers with different
arrangements is studied in the paper. In the conditions of tandem
arrangements, the riser spacing has a greater influence on the vortex-
induced vibration response of the downstream riser. The crossflow
displacement of the downstream riser increases with the increase of the
riser spacing, and the growth rate decreases gradually. The dominant
vibration frequency of the downstream riser is lower than that of the
isolated riser, which shows obvious first-order broadband vibration. In the
conditions of side-by-side arrangements, the displacements of the lower
riser are greater than that of the isolated riser, and the residual vibration
response characteristics of the two risers are basically not affected by the
riser spacing. In the conditions of staggered arrangements, the
displacement of the upstream riser increases with the increase of stagger
angle, the frequency response is basically not affected. The crossflow
frequency of the downstream riser is basically not affected by the stagger
angle, while the displacement is greater than that of the isolated riser in the
same working condition when the stagger angle is 0 < 20 < 90 < and is
basically the same as that of the isolated riser when the stagger angle is
40 < 60 < The in-line maximum displacement of the downstream riser is
greater than that of the isolated riser when the stagger angle is not 0 <
while the first-order frequency proportion in the frequency response
decreases with the increase of the stagger angle, and gradually approaches
to the isolated riser.

KEY WORDS: \Vortex-induced vibration, two flexible risers, immersion
length, arrangements, viv-FOAM-SJTU solver
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Fig.1-7 Schematic diagram of fluid structure coupling solution based on strip method
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Fig.1-8 Layout sections of two risers
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L VIV A BRI RS (Wake induced vibration, WIV), 1 8] i i B AELE
50 WIV IRG H30 DL R T Ui S48 B4R s B A B g, H R i L AR BUE
XA T R AR M e

Supporting structure
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tandem: 1.5m length
16mm ext. diametar

flow profile

DPIV laser sheat

(LI

Water flume

| |
& 1-9 Huera-Huarte X 35 3 & # & (14

Fig.1-9 Layout of Huera-Huarte’s experiments4l
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WESLE TR 53% K LA T3 A kimrh Bl B Bi¥kah . Tl L EK4Hlk a” =187,

- 14 -



AT R AL S

S TR FEEY 2D-6D, T Fi5K 77HL 200N-795N. R 7E4s L, T BirsrEn
LR, NUEALE BIRSNI BRI B B 1) 2 RS RN, B R ER
WMEAR T N T ARIR R B S . HRSLE ARG, R LS AR
FE R S5 L BE K (AR M e 2 DA R 2 A A RE M, B HR IRI M R AR A R A, 7
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Fig.1-10 Physical layout of Huera-Huarte’s experiment devices(’
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L IR RIS 7] 7K 2 7 R BT R 1 7 . Sannati A1 KatolB2hKs 53 51 X507 % 8] 25 43 51 1%
# N 275D, 55D, 8.25D LLJ 11D, LAWEFEAS L [ BE T RIHLT- P 3L ik
PRBE N B FEM o TR P RS T I S BRSNS B o5, B L
o ST R RACHRI 8t B SRE AR — LS o 5 RS AR,
B 72 2 TR BEAR /NI, B3y S RO M B 52 71 i 3L I A K. Sanaati
Fil Kato® M 72 1 I S0 i AR, 28 (AR 53 5 HL 2.75D Al 5.5D. #F 7t
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Fig.1-11 3D schematic diagram of VIV experiment devices for two side-by-side risers [

oo _ | oo 4,
+v g 10 oo -
: +x i.ﬁ $=Flow & +>< \ﬂ <= Flow
QL0 'O

B 1-12 W@ = § 4 & & EE
Fig.1-12 Schematic diagram of the layouts of four risers [61]
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Supporting structure
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Upstream cylinder Steel wir
Y v T
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B 1-13 % 7|3 2 E A E = & B 18
Fig.1-13 Sketch of the layout of tandem risers®®!
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Fig.2-1 Basic computation framework of the viv-FOAM-SJTU solver
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Fig.3-4 Overlay of instantaneous profiles of the riser in in-line and crossflow directions
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