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NUMERICAL ANALYSIS OF VORTEX-INDUCED
VIBRATION OF TOP-TENSIONED RISERS UNDER
PLATFORM HEAVE MOTIONS

ABSTRACT

The development technology of marine oil and gas resources has long
been widely concerned by a large number of experts and scholars. As an
Important part of the marine oil and gas production system, the marine riser
system is an important channel connecting the sea platform and the subsea
wellhead, and is also one of the weakest links in the platform structure.
Under the action of marine environmental load, the vortex-induced
vibration (VIV) may occur in the marine riser. With the large number of
floating platforms, the top platform has a relatively larger range of motion.
The platform motion has a great influence on the VIV characteristics of the
riser itself. This paper focuses on the platform heave motion, and carries out
numerical analysis on the vortex-induced vibration of the top tension riser
based on the viv-FOAM-SJTU solver, which is developed by the open
source CFD framework OpenFOAM.

This paper first expands the existing viv-FOAM-SJTU solver and
introduces the influence of platform heave. In this paper, the effect of
platform heave motion is transformed as the varying axial tension, which is
assumed to change in sinusoidal form with time. The variation of the axial
tension is defined by three parameters: the heave amplitude, the heave
frequency and the initial phase angle. After completing the expansion of the
solver, this paper selects three standard model experiments and sets the
same conditions as the experiments for calculation. The calculation results
are in good agreement with the experiments, and the accuracy of the solver
Is verified.

After that, this paper selects a typical condition with variable tension
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and two corresponding constant tension conditions through the equivalent
principle. Numerical simulations are carried out to analyze the differences
of vibration displacement, frequency component and vibration mode. The
results are compared from the displacement and curvature in both in-line
and cross-flow directions. The results show that the average displacement
and the average curvature mainly depend on the pre-tension, while the
standard deviation of the displacement and the standard deviation of the
curvature are determined by the platform heave.

Finally, this paper analyzes the parameters of the studied problem and
discusses the influence of the amplitude and the frequency of the platform
heave motion on the VIV of the riser. The results show that the platform
heave significantly amplifies the VIV of the riser itself. The amplitude of
the vibration increases with the increase of the amplitude of the heave, and
the influence of the heave of the platform gradually decreases with the
increase of the flow velocity. The low-frequency heave of the platform can
directly control the in-line vibration frequency, exhibiting obvious periodic
vibration and obviously amplifying the vibration displacement. The
high-frequency excitation can suppress the displacement amplitude to a
certain extent, but it will significantly enlarge the curvature of the riser and
aggravate the influence of fatigue damage.

KEY WORDS: VIV, platform heave motion, CFD, viv-FOAM-SJTU
solver
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N |

00’ (2-5)
111 vy A IB R T, AN RS TR ASCRH SST Kk — o fmifit i ROk &)
AIRRAL, [N A A 2-6 53U R, py RANARETT, sy FA BE

ou, 8(Uin) _aﬁeﬁ +a(2/ueffs_ij)

—L+ = (2-6)
Pa P x| ox,
2
[ =p+§pk (2-7)
Heir = H+ iy = p+ pVy (2-8)
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221 412 131 -3
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420 54 131 156 -22I
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JELE.
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Fig.2-3 Iterative computation process of the fluid-solid coupling
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2T +2,[T2 — A2 < 4T, (2-21)
Xf 2-21 PRI TR B T7, A
T2 A <T? (2-22)
2 2-22 W S, FEEATAR AL 2-20 95— AN T, UKD T A < A1
BT, BISF& N7 R B R A KT BT R

223 KRB EFT R

RN TAESZIE A viv-FOAM-SITU SRARSS il HE47 7 & 3% /5 R Tk 7
SRR EE R, X R R T R AR S AME e, AL R T R R

F R BEBOVRANEIUE S BT A SCKF 6 2 3 1520 F2 A0 D B[R] A2 4,
[R5 77, PR AN SO R I = AMnE S AR TR IR, AR TR TR
A “Agak AL, Hdr 4o “topTensionAmplitude”. “topTensionFrequency” #ll
“topTensionPhase” 3% 2-1 FT7R .

& 2-1 A2 b 3 A 4y AR A AR K Adk
Table 2-1 Parameters related to varying tension that are added in the code

9 M SRR SN AT 5
1 Ak JIRAE topTensionAmplitude
2 LT VAL ES topTensionFrequency
3 Ak A AL topTensionPhase

TERE P “readMechanicalProperties.H” %S B BV INTEA), LRSI\ SO
HAEHRET. & 0E XS, NizlE UNEER AN, & ARE X, MEW N

scalar
topTensionAmplitude(mechanicalProperties.lookupOrDefault<scalar>(“top TensionAm
plitude”,0));

scalar
topTensionFrequency(mechanicalProperties.lookupOrDefault<scalar>(“topTensionFreq
uency”,0));

scalar

topTensionPhase(mechanicalProperties.lookupOrDefault<scalar>(“topTensionPhase”,0
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);

5 MBSO R 5K R E SO . AEE SCTITK S I G N s 1] AR Ak ) T
S, AN 7T S B AR, AR R B e 5k B seit g, R ORAT
FESCA
scalar topTension = topTensionMean + topTensionAmplitude * Foam:sin (2 *
Foam::contant::mathematical::pi * topTensionFrequency * runtime.value() +
topTensionPhase);

OFstream * tensionFile;
tensionFile = new OFstream(“tension.dat™);
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Fig.3-1 Sketch of the experimental setup
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R 3-1 ARARA — 2 R
Table 3-1 Main parameters of the first standard model

SRR HOfH oA
Bz 0.0222 m
JRIG K 2.552 m

A LIRS 2.602 m

S ) A 1.2 kN
=5 i I 0.056 Nm?
BB ER 7.88 N/m
sk 7y 40 N

& 32 AR —t H T
Table 3-2 Computational cases of the first standard model

TOU 5 AR KA SIS I &I
1 0N 0 Hz 5.63

2 20.416 N 1.68 Hz 58

3 20.416 N 2.52 Hz 5.63

FEREE T, 1E3 B E VA T it 0 7 2996 T8 K 1% M\ A2, A
UK L fT Ak R Bl B TR AR A B B el 5 770 HRER 3-1 T %0, X RIFE N 40 NI FiEK 77
Jo, KFEBIN 50 mm (2602 - 2552 =50). B S sk e,
1% T AL RS (2904 25.52 Z22K) il A4 20.416 N (15l m1 7k 717484k .

AFTHER 3 AT, TS EINER 3-2 fin. K 3-2 5l R 7 {EfE e
5k 777 S ] K ST K A I DA R T 2 R W 3 ARk R R Tk Fa i)
WP . EMEE TR )T, Fetk BRI 5K 7 A B 5 RIS 3
R FH T MO0ty 280 0 22 9 /S o
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(a) Axial tensions along the cylinder for Case 1 () Time history C“r‘éejn%fé‘)p tensions for Case

A 3-2 T 14&KADEERTN (@) IR 2. 3THKAK AT (b)
Fig.3-2 Tension variation along the riser in Case 1 (a) and time history curves of top tensions for Case
2and 3
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Fig.3-3 Time history curves of natural frequencies of the flexible cylinder for Case 2 (a) and Case 3
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Fig.3-4 Strips and grids distributions of flexible riser
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Fig.3-5 Amplitude envelopes of displacements in cross-flow direction for three cases
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Fig.3-6 Spectral density of 0.43 z/L of cross-flow displacement for three cases
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BB 1-11 f1 1-12 foR . ERE R, SCEBAKFCE Tk, @S
W al, DML T2 23 SR E o« SEAE PR 3, — i PR
ML, il B B 1] LA OE 52 AR A T K g

MIGEEK N 5 m, HE 0.016 m, K4HLt 312.5 ¥ Teflon & {F N7 B A,
gk 77 100 No AEEREA THL, e e sk ) THLFAs Tk I Tk, 5k
PAIESZ IR At (B 284k, MRAE N 20 N, 4iiZH 3 Hz.

R 3-3 MRARA — 2 R
Table 3-3 Main parameters of the second standard model

s HOE LA
HAt 0.016 m
KE 5 m
Kantt 312.5 -

5 NI 0.982 Nm?
LR 0.2566 kg/m
sk 7J 100 N
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& 3-4 AFAARA =t H TR
Table 3-4 Computational cases of the second standard model

T AR5k MR E ARG SR mooH
1 ON 0 Hz 0.5 m/s
2 20N 3 Hz 0.5 m/s
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Fig.3-7 Spectral density and time history curve of stress at midpoint in Casel
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Fig.3-9 Lay-out of the experimental device
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& 3-5 AFEARA = R
Table 3-5 Main parameters of the third standard model

Y  OH B
HiE 0.028 m
K-pE 13.12 m
Kantt 469 -
o5 NI 29.9 Nm?
B L 3 -
& 3-6 AREHEA = A TS

Table 3-6 Computational cases of the third standard model
BRI TS Tk ) M
1 405 N 0.16 m/s
2 407 N 0.21 m/s
3 457 N 0.31m/s
4 506 N 0.40 m/s
5 598 N 0.54 m/s
6 670 N 0.60 m/s
7 743 N 0.70 m/s
8 923N 0.85 m/s
9 1002 N 0.95 m/s
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RER SRR TR, JEE /N IUARSK ) T, DA R S B (R A1 52 ik 1 Tk AT
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4.1 i+ ERE

AR BRI = 7 N IS AR AER TR, R SR 4-1 Fios.
ARERETEREEE, AT 0.4m/s KIBERGIERN, HETRME 4-2 Fix.
ARFHIEE 3 AMTHE T, /a2 — MK E o (Lo D FBAMEEK
JILHL (LWL 2 FLH 3)e XFFARGK JpiHHE Tk, AR E LK /18 1610 N,
Ak SIMEAE 800 N, A5k 4% 2.285 Hz. T4 2 F1 T30 3 (K555 B %k BURR # 8

AR IR B L

A A1 ForFit AR 2 RA
Table 4-1 Main parameters of the model in Chapter 4

SHATR B MH B
HAz 0.028 m

K g 13.12 m
Kottt 469

25 il 29.9 Nm?
Ji = E 3

Ik 04 m/s

% 4-2 FoFEitE I
Table 4-2 Computational cases in Chapter 4

T Tisk ) AR5k IR A B VAL ES
1 1610 N 800 N 2.285 Hz

2 1101.7 N ON 0Hz

3 2119.3N ON 0 Hz
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Fig.4-2 Strip distributions and grids in single strip in Chapter 4
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Fig.4-3 Time history curves and spectral power density plot of the in-line displacement in Casel
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Table 5-2 Computational cases in Chapter 5

T Tk 7 Ak iR Ak SR bliers

1 1610 N ON 0 Hz 0.4 m/s
2 1610 N 200 N 2.285 Hz 0.4 ml/s
3 1610 N 500 N 2.285 Hz 0.4 m/s
4 1610 N 800N 2.285 Hz 0.4 mls
5 1610 N 200 N 2.285 Hz 0.6 m/s
6 1610 N 500 N 2.285 Hz 0.6 m/s
7 1610 N 800 N 2.285 Hz 0.6 m/s
8 1610 N 200 N 2.285 Hz 0.8 m/s
9 1610 N 500 N 2.285 Hz 0.8 m/s
10 1610 N 800 N 2.285 Hz 0.8 m/s
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Fig.5-1 Strip distributions and grids in single strip in Chapter 5
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