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Abstract

Based on the Hamilton principle, a three-dimensional finite element dynamic model is established
in this paper for investigating the vortex-induced vibration (VIV) of a flexible riser in deep water
in kilometers. The model includes the fluid flowing within the riser, and the wake outside the riser
is modeled by the van der Pol wake oscillators which are distributed along the riser length and
coupled with the lateral accelerations of the riser. In addition to setting an entering speed, the
upper end of the riser can be in movements with the platform, while the lower end can either
move and swing with the additional weight (such as blowout preventer, BOP), or be connected to
the underwater wellhead. Using the proposed models, the VIVs of therisersbared or partially
wearing with buoyant blocks were simulated in the currents caused by tide, wind and waves. The
effects of the entry speed, BOP weight and water depth on the deviation of the lower end of the
riser, the maximum tensile stress at the upper end and the maximum bending stress throughout
the riser are discussed especially. This study deals with a typical internal and external fluid-solid
coupled vibration problem, involving in the complex initial-boundary values, and aims to provid-
ing an effective tool in calculation and analysis for the subsequent related researches.
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3L 4777 A AR e o TRIMAEAR SCH, FRATT 8 e T S5 b J5 3R R A A RL (B 0 % 2, R KRR
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Figure 1. Schematic of the fluid-conveying riser
subjected to currents and the wake
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2.2. SEEFRB TR FIER
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+2.0, (0 -1)q+ QI =24, 19)
ﬁ+25st(p2—1)p+4Q§p=%Uy, (20)
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TERAURG K T N FR BN 0 500 B2 BT, FATT IR e AR AL (- 25 R 5 O 1 s 30 45 R 4UE
BULE SR BEATHRT, RIGUEABY M IEF RIS HUE . ik, FATIEFERBI RILL G S5
BS80S — A G s B s AR [17]: o8, SEKE L=963m, HiESMED=20mm, EEJE
t, =045 mm, VEKE 5 HAEZ L L/D=4815, fiEtt m =223, SMBSHiA KR &% E p, =1020 kg/m* ,
A BRI TR 3 p, =870kg/m® , MK IR E =1025GPa . b, SRFTAT T4 RAhs F i
y i, JF ELBRINGK 73 Ty =817 N i i BIS & (aNiil SLAE I NG AR BE P, TLAE iiess. |H
SLAE 1 A A B 3R S AR SR - A AIE MARINTEK I3 3[18], JfH1 L. Wang &5 AR [ 13]A1 E.
Wang % A\ [1417E ANSYS Bt s FH 20 4 7 iR FEM BHEAT 1 15 X e 48 AN A AR TSR A5 (1 45 TR Y A A
F 1. ASKER B SE BAE TR T R4 5 14], —H IMIXHRZE Errors, < 1%, 5HASE BAGRZEH
FETARVE TRV R N

Table 1. Eigenfrequencies for the vertical riser model

= 1 EIAmE

Mode Test [18] Analysis [13] FEA [17] Present Errors,” Errors,” Errors,” Errorss”
Hz Hz Hz Hz % % % %
1 2.06 2.570 1.790 1.773 24.76 —-13.09 -13.95 —0.989
2 3.95 4.392 3.673 3.636 11.19 —7.025 —7.94 —0.988
3 6.16 6.775 5.731 5.674 9.98 —6.966 —7.89 —-0.993
4 - - 8.037 7.957 - - —0.994
5 - - 10.649 10.54 - - —0.986
6 - - 13.610 13.476 - - —0.985
7 - - 16.952 16.787 - - -0.973
8 - - 20.698 20.499 - - —0.961

“Error; (i= 3, 5; = 2, 4255 | FIEE j 5N BOR AR R 2

Table 2. The maximum root-mean-square amplitudes for the model
2. RARIEBHAIRITEE

Test [18] FEA[17] FEA [13] Present Errors,” Error,” Errors,”
Lehn Huang E. Wang % % %
A /D 0.14 - 0.125 0.145 - -10.71 3.57
A™ /D 0.745 0.833 0.805 0.791 11.81 8.05 6.17

“Errorii(i= 3, 5; j = 2) &4 i FIF5 j FIiHR AR %

ROk, BAVEESLEMIRSIIEE . 5 Lehn [18]5250 7 (5L i0 #1105 AT LRER . B 1 R ALIHE %
€ NS HOR/N A 0.42 mis, SEEGZH #1105 HH R AR Z 45 2 2% SCIR (18] IS8 [F] . % 2 a2 7 LB
%%%ﬁ%%mu@ﬁﬁﬁmxmﬁﬁ%@%%kﬁﬁﬁﬁmm,AxyDﬂNm/D,ﬁ%%%%%
B B 7 AR 35 2 A FIE MARINTEK f5256[18], Huang 25 A[18]41 Wang 25 A [14]/0 A IR G5, LA A
SCERIF R R . R 2 W, ARINEMER S SERVIA R . AOTEN IR RANSEE S
B R SCHR[18] R KRB, (HRTEXT Lt AT T30, B B AEE S T35 3, 1E NS a1 S AR
S HH .
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Table 3. Coefficients for the dynamic models
F3 REFTESHE

C

CDO CLO & &, p\/ Az S| 41

0.82 1.26 113 0.02 0.04 191 15.28 0.2 0.03

Di0

PAESSRES, THEAIENT R TES B S5 R ECEGEY], AR GFE AN gL v (5 AR . 1E
N, AR A TR SR IR RS AR ROK X R B IN B 2R R, BA R T HR
HALE 14T T

3. SR BEERKEX T AR BB 150 B
3.1 HEAR

BRI 235024 500 m. 1000 m. 1500 m. 2000 m. 2500 m 13000 m, L& LEK FHI4K L 55
IKIRAREE, 3 %9%[%D 533.4mm, W1t D, =501.65mm, [E{&SLE 1 R E E =210 GPa, A
b u=03, & MEimfg—mwmmw BRI, HREEE p, =1030kg/m’ , AT
I U, =05 LA HENERIEEE uy =0.0.15 m/s F1 0.3 m/s; [t #s 7E 25 < 4 (1 55 & 43 5l Pex = 1000+
2%&3%0m,ﬁ%m%@@bﬁ HE p, =1030 kg/m* AHE IFSIBRIOFEEE p, =405.18kg/m® ,
F1HLAME D, =2.238D 5 75 1 AL i H) BB AT E, HAEK AN Ly (T MR AR 15 B i
S i 5 R P TR0 0 7 B Y, PRSI 1) 2 25 7 1 BB V8L /INIRU AR B 0 A 1) 1 22 520 o AT T LAV B LU Ry
FERTFIIRAIER, AUUNFHE Ry =05, BI22Re07 jHa Reflinn e bk B3 mFR A ik Jmkh—2F,
I HI I Rew FIEHER Lyo

Fhh, BRAEGK AT, BRG] B 7K 5T 5538 2l 6 3 PG~ Th e ) 2 e B, 9, 7 xy P
A, FEKER x FIRFZ) t, JEBE u, [20]

_mH
Uy =

“exp(k,x)cos(k,y—a,t), (-d <x<0, t>0), (22)
Hor Hy R, To REAW, BHOVK, =o)/9, 9 NEINEE, MWMEAN e, =21/T, . HKE N
L, =T2g/2n . BkAh, HRURIEI 512 7K R H 4335 [20] -

X W X
Vc1=Vm(1+Ej , ch=Vt(1+Ej’(—dSXSO)’ (23)

o v AT v S K TH R R ALE « fEASCH, W H, =65m, T,=13s, v, =02m/s, v,=35m/s,
I HABCE AR N T 175 y 54T, KSR R AR SR A E Ty 17— S S z #erAr. HAb 32
SHE N 3,

32. KRMER

N T XS ABRBIE A — DN RBCT#E, 1B 2()~(h)gth 1A 77 BB #EN ] 1000 AKZK BRI
JUAS B ) 3l e 7 B T At 28, Rt B ik NG ug =0 . FRE LRy, =05, XTRAVEjHLE K
L, =315m (& 2(a) 1/ 2(b) R a5 A R K ) o 1 2 f IR A e 17 2230 B 5T IR ()~ (h) I 2 o fBLAE
RIS, BN e AR R LA 5K B AR 6 (R SRR (W 1] 2(1)), H 2 390 IR0 S PR SRR RN (<]
2(H)~(h)), B4R N3 ﬁmu&@MZ@(mﬂﬁ%%ﬁfﬁMM2@ K 2(33)), AT NSLAE XK
N R ME S, 38 W] BB N IR 5 454
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Figure 2. Several typical simulation results as the riser lower end reaches the depth of 1000 meters. Profiles of the
deformations of a single drilling riser in 2D xy-plane (a), xz-plane (b) at a time point, and at different time points (c)
and (d); maximal bending stress values and corresponding positions at the x-axis of the riser at different time points
(e); the van der Pol variables p and q around the single riser at different time points (f), and evolution with x and t
during 20~60 s (g) and (h), respectively; (i) and (j), the time-history curves of axial tension stresses at top, middle
and bottom sections , respectively, and bending stresses by My, M,, and the resultant of M, and M, at middle section
of the riser
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Figure 3. The riser maximum displacement u, in the incoming flow/y-direction (a) and u, in the CF /z-direction (b), which
vary with the bottom-end hanging weight/load (Pex) and entry speed (ug) in 3000-m-deep water
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Figure 4. The riser maximum tension stress (a) and maximum bending stress (b), which vary with the bottom-end hanging
weight/load (Pex) and entry speed (uo) in 3000-m-deep water
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