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Numerical study about effect of special-shaped surfaces
on vortex—induced vibration of flexible pipes

WANG Shuat, CHEN Zheng—shou, DU Bing—xin, XIE Ying—xiao
(College of Naval Architecture and Maritime Transport, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Vortex—induced vibration (VIV) is one of the main factors leading to fatigue damage of marine ris-
ers, and the endeavor to suppress vibration is one of the important contents in the design of cylindrical ocean
structures. In this paper, based on a two—way fluid—structure interaction simulation method, the VIV re-
sponse characteristics related to airfoil pipe, textured pipe and smooth pipe were investigated, taking into ac-
count the function of VIV passive suppression attributed to special-shaped surfaces such as spoilers and sur-
face textures. The simulation results show that both the spoiler and the textured shapes can effectively reduce
the vibration response, shortening the vibration lock—in range. By affecting the vortex shedding modes and re-
ducing the fluid force coefficients, the special-shaped surfaces covered onto the flexible pipes play a signifi-
cant role in suppressing VIV, especially under conditions with higher reduced velocities. This research work
provides a reference for the design of marine risers covered by special-shaped surfaces, such as airfoil pipes
and textured pipes, aiming at passive vibration suppression.
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Fig.3 Procedure of two—way fluid—structure interaction
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Tab.1 Material parameters of numerical model
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Fig.4 Structure design diagram of three types of pipes
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Fig.6 Mesh topology of computational domain and the finite element model of pipe structure
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Fig.7 Comparison of flexible vibrating pipe test results with numerical prediction results
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Fig.11 Maximum amplitude responses of different pipes
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A0, T RO 0 007 A S i U R G AR A VIV R D DRk mT L i e N A
JI 52 BT I IR B LR A VIV B RS . A 14(b) =258 C, s TR AT LI 21, 75K
I3V BN IR SR L T A BA /MY €,y T o A AT LAER R, =241 C, s THFE
& VAEINBIRIN S BT R TR R B T RGE G

SRR L, ZERIRSr V. LT IS R A L THORM A S BA TN A ) 28, Horh 8o Ag
HA XN C,y .o, 8 T3 AL W HATFART NG C s (B o 322 1 T SO Y Jay 38/ i 5 3 1Y
B AT R, BENS S B Bl 0 B S PR B R AILE , O T LIl 1 B v 64 e s 1] AR S



55 3 301 ToOSE SR SR R A X R R B - 461

LB [ 25 Ak 1 S8 3k e Ty S RS U1 N 7 A A/ NS R IR AR 0 R B, T 2 AR 55 P40 4
Fa ALY T e -
4.4 ERmEERX

JRE WA X T 38R I % A 1 R s RS K i, 2 VIV i B 8 R N — A R 3 N A T 22 1 e it
TR AR R, B 55 08 VIV I 1, 002 A7 55 A (R g itk s o 1T 15 T s kg = I AR A7 vl 78 1 R 1) 1% Bk o % £
= AL SIS I S D 3R T 2 A X L i it S A 0 R s e o I A3 A B SR R TR Y
TULAYCSS” [ “28” “2P” 2T “P+S” LUK “T+S” By Jig 1 it Tl =X




462 B AR 71 2% 5528 B4 3

P15 =2 A T 4B i o] F) IR R i 25 5]
Fig.15 Instantaneous vorticity contour plot at different cross—sections along three types of pipes

T2 VAMRA TOUT , =288 Attt i A — O MU Y “SS7al “ 28" i B . Horpr SRS B 2 1 N
FreSS”im AL, HAER— V. TOUT A T He 2R A8, A I i ) b A5 5 22 i i ibs 5, 3 ] 2 15
SLAVE AR R S T HCE IR . BEE VG, =2 HE CF 5 10 IR IR A T O, I 2l 17 34 A
PR DX 1], T AR A A AR DIy 2P B AR A 2P TR T e R B XU i, 7 1) FE AT X
A R AR R B RS A TR AW AL, 2P RUIHR A R WY PSR AR . B
Vi — 25 R, AR I it 2 T TP R e R 0 2T TR e i AR = B A S AT B R L L B
AL AT, F P A e Ak AR R A D7 ) T 55— N R AR V0T 3R AR R SO A
F8) bt A b U P A P 2 287 I A, HLHC R It s 1 S FEAE CF Jr ) 2878 i P RS WO G 1R E
X TS AR A0 S 2 T A AR | 7B A0 B T s B, S BOR Bl 7 B R IE IR P AL 3 B Y
S TR R IR HARFRE , AT LU SR R R 45 M R A A, BT ke S A A R ) 4y
A 7 2 R, R ECRAR S )RR R AR AR IR A A R V0L R T )N REIR A H
VIV AL 7E1Z 8 B T &4 T B AR .

P WLEE = 2 A8 v AT AT B T 1) BRI b i s TR RT LU Y R AR VB0 i A RS AE Y
T RE 59 U2 B SeAS R, 1 A R TR IR 2 0 SR R 7 A B Il is By, g s A S U AR 1 JE
It 7 o 3L TR 1 T i A R M A A R SRR 00 Gk DA/ INH) 1 BE v L B R AR R R IR X B V.Y
S0 AR BB Sl TR B i J5E 7 52 A MR B8 R Sl 5 i) L 30 V)2 03 B RS L SO A RN SRS 1Y
Sy BRI IR IL )y ) e %, SX AR M 2 S A8 14 B 0 V02 22 ) AR EL AR T 0ssiss , e 1o Ttk s 7 7
A= B TR g [R) A5 BEAIR , Xt S P S I A 52 ) IR IR NI IR 22— o

54 i

AR CGE ] CFD J7 4 3 1 3R il RANS J7 R4 4 LES IR A 28 , a7 1 — > 3D S (B i i, 9
FLWRSE T IS SR A RSO A (1 PR Sl A o AR AR X R) AR RS TRt T2
R

(1) ZRAE (%) 22 T SO0 AP 0 35 M 45 2 T 45 44 ARk 25 T AT s il A5 AR 1 VIV i 7, e LA
2y L P R T A S T S SR /N (AR ) 0 80 7, A 280 50 AR 5 PR A AR g B 03

(2) 3 AV RS RS B0 I IR DX R) 2435 R ek /1N , ) el L 6 25 T B0 I, B0 97 s
IR BSOR R 34 AC , JH v 38 R A LAY T AR L T BB A AN A A A T, MR e A B
FORME . FIAMIFIE R I, B AR Bl E 4k shad A rh L TE IR O R S S T LR L R
2B G R DR A AR AR () (I o o LRI S



55 3 301 ToOSE SR SR R A X R R B - 463

(3) SOLIE A LL , PIRR S8 A 1A R AR 1 At B (8 AR O T 1 20 B R, 4
REAIR T 45 M 57 S A 0 T REE , O HILRE A 00 S 3R S R eSO 1 A8 PR AR e 20 i, AT X
FCRE L i B A X I 180 A — R BRI

& £ X #:

[1] Low Y M, Srinil N. VIV fatigue reliability analysis of marine risers with uncertainties in the wake oscillator model[J]. Engi-
neering Structures, 2016, 106: 96-108.

[2] Choih, Jeon W P, Kim J. Control of flow over a bluff body|J]. Annual Review of Fluid Mechanics, 2008, 40(1): 113-139.

[3] Artana G, Sosa R, Moreau E, et al. Control of the near—wake flow around a circular cylinder with electrohydrodynamic actua-
tors[J]. Experiments in Fluids, 2003, 35(6): 580-588.

[4] Lee S J, Lee J Y. PIV measurements of the wake behind a rotationally oscillating circular cylinder[J]. Journal of Fluids and
Structures, 2008, 24(1): 2-17.

[S] Senga H, Larsen C M. Forced motion experiments using cylinders with helical strakes[J]. Journal of Fluids and Structures,
2017, 68: 279-294.

[6] Assi G RS, Bearman P W, Tognarelli M A. On the stability of a free—to—rotate short—tail fairing and a splitter plate as sup-
pressors of vortex—induced vibration[J]. Ocean Engineering, 2014, 92: 234-244.

[7] Song Z, Duan M, Gu J. Numerical investigation on the suppression of VIV for a circular cylinder by three small control rods
[J]. Applied Ocean Research, 2017, 64: 169-183.

[8] Khalilpasha H, Albermani F. Textured deep subsea pipelines|J]. International Journal of Mechanical Sciences, 2013, 68:
224-235.

[9] Nikoo H M, Bi K, Hao H. Textured pipe—in—pipe system: A compound passive technique for vortex—induced vibration con-
trol[J]. Applied Ocean Research, 2020, 95: 102044.

[10] X/, ok, FEE . AR TAS B9 S BSR4k 3 0 R B #2m ()], i TAR, 2013, 42(3): 169-173.
Liu Xiaohua, Wang Yongxue, Wang Guoyu. Influence of parameters of wing spoiler on hydrodynamic characteristics of sub-
marine pipeline[J]. Ship and Ocean Engineering, 2013, 42(3): 169-173.

[11] Knapp R H, Dumlao C. Experimental investigations of prebuckled cylinders under external pressure[J]. The Journal of Man-
ufacturing Science and Engineering, 1979, 101(2): 178-184.

[12] Siements P. Simcenter STAR-CCM+ user guide V13. 04[]]. Plano: Siemens PLM, 2018.

[13] Huang K, Chen H C, Chen C R. Vertical riser VIV simulation in sheared current|J]. International Journal of Offshore and
Polar Engineering, 2012, 22(02): 142-149.

[14] TRAAT . A0S IR 3 B9 SR 5T D). K% KB TR, 2009.
Zhang Jiangiao. Experimental study on vortex—induced vibration of slender flexible risers[D]. Dalian: Dalian University of
Technology, 2009.

[15] Bao J, Chen Z S. Vortex—induced vibration characteristics of multi-mode and spanwise waveform about flexible pipe sub-
ject to shear flow|J|. International Journal of Naval Architecture and Ocean Engineering, 2021, 13(1): 163-177.

[16] Braza M, Chassaing P, Minh H H. Numerical study and physical analysis of the pressure and velocity fields in the near
wake of a circular cylinder[]]. Journal of Fluid Mechanics, 1986, 165: 79-130.

[17] Lecointe Y, Piquet J. Flow structure in the wake of an oscillating cylinder[J]. Journal of Fluids Engineering, 1989, 111(2):
139-148.

[18] Unal M, Rockwell D. On vortex formation from a cylinder. Part 1. The initial instability[J]. Journal of Fluid Mechanics,
1988, 190: 491-512.

[19] BRIEFE, BASR 30, i FEIRE, &5 . 5t s b W [0 A A i i sl i (R I (. 3R 85 s, 2017, 36(11): 248-254.
Chen Zhengshou, Zhao Zongwen, Zhang Guohui, et al. Study on the effect of mass ratio on vortex—induced vibration of rigid
cylinder|J]. Vibration and Shock, 2017, 36(11): 248-254.

[20] Sarpkaya T. Fluid forces on oscillating cylinders[J]. Journal of the Waterway, Port, Coastal and Ocean Division, 1978, 104



464 WA S 2 5528 555 3 1

(3): 275-290.

[21] Khalak A, Williamson C H. Motions, forces and mode transitions in vortex—induced vibrations at low mass—damping|J].
Journal of Fluids and Structures, 1999, 13(7-8): 813-851.

[22] 15 =, TGS, AEACW, 45 . 3R THDREURES F X6 37 450 T VcHiR 0 e 1z s ) (9 3088 F 2D . FFAR 727, 2015, 19(1): 1-15.
Gao Yun, Fu Shixiao, Xiong Youming, et al. Experimental study on the effect of surface roughness on vortex—induced vibra-
tion response of risers[J]. Journal of Ship Mechanics, 2015, 19(1): 1-15.

[23] Feng C C. The measurement of vortex induced effects in flow past stationary and oscillating circular and D-section cylinders

[D]. Vancouver University of British Columbia, 1968.



