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Impact of floating top sway on the vortex-induced vibration of submarine riser

CHEN Wei-min ZHENG Zhong—qin GUO Shuang—i

( Key Labhoratory for Mechanics in Fluid Solid Coupling System Institute of Mechanics Chinese Academy of Sciences Beijing
100190 China)

Abstract: The dynamic coupling between floating top and submarine riser becomes more remarkable due to larger fluctuation amplitude
of deeper water floating platform compared to fixed platform in shallow water. The impacts of top end motion on riser vortex-induced
vibration ( VIV) are explored. A coupling hydrodynamic force approach regarding vortex-induced lift force along with fluid drag force
is developed which essentially depends on instantaneous movement of riser. Then the dynamic characters of the integrated system
including both floating top end and a riser undergoing VIV are examined by means of finite element numerical simulations. The
influences of the amplitude and frequency of platform sway on riser VIV are presented. An interesting phenomenon called nonlinear
amplification is observed that the top end vibration may be amplified as propagating from top to bottom end along riser axial span. Our
numerical results indicate that riser displacement compared to the case without top movement becomes larger. Moreover nonlinear
amplification would get more pronounced as the number of mode order falls. However its value would not significantly change as sway
amplitude of top end increases though the absolute amplitude of riser displacement may get larger.

Key words: sway; fluid-solid coupling; riser; vortex-induced vibration

79

: 2013-0422
(11232012)
(19674

E-mail: wmchen@ imech. ac. cn



10% 20% ~100% 7 .
1043
46 1445 Spanos 10
SPAR
14 -
o Ormberg "' Kim " Wichers " ( )
1448 Morison
o Lee '
Tahar Bosman ' SPAR
78 .
1 -
1.1
- 1 1( a) y
U x b(t) =Be ™ B w, . . 1(b)
Eulor ;
Xy z ;
( MPC) °
1 —
Fig. 1 The platform—riser system sketch
4 2 2
Elax(zAZ) _Tax(zzt) +06x(zt) +mE)x(zzt) = Pz 1) (1)
0z 0z ot ot

D El T c m F(2)



10 32

{x(Ot) = b(1) {x(Lt) =0 (2)
’x(0 1) /o7 =0 O’x(L 1) /92 =0
1.2
- (1) F(2) Fy
Fy Morison :
Fy = (172) Cop,D(U - x) |U - x|+ C,(1/8) «D’p (U - ) + (1/4) =D’p,U (3)
o U N 7 D ; C, C,
C.=1.0 C, =11,
o« Govardhan "
(CL) ( 2(a) ) . S =1D/U A/D - [
VA 2( a) C, =0 ( ) C, >
0 ; C, <0 1 CLo=0
o Vikestad *° ( 2('h) ) 2( a) 2('b)
3.0~14.0 U =5.5 ;
A/D =0.90 .
2
Fig. 2 Experimental results of cylinder undergoing VIV
FL
( 3 )
F, = (1/2)p,DLU’1 C,, + C,(A/D) + C, (A/D)* + C, (A/D)°] (4)
0 <A/D <0.90 C,=Cy,+C,(A/D) +C,(A/D)* +C,(A/D)’ .
Cy (4)
o (4)
( )
. Cp~C ~C,
Gy
Gopalkrishnan *' C, (A/D) i ( 4 ) o
3 A.B.C 4 . 4 ©)
( ) 3 C A/D, @ A Col o

B 0 (4) Cip~Cy+CynCy



3 11
3 4
Fig. 3  Lift coefficient curve Fig. 4 Plots lift coefficient as well as amplitude versus
nondimensional frequency
VIV
22

2

D =0.500 m d =0.445m 500 mo p, =
7.8 x10" kg/m’ EI = 3.8 x10° Nm’ 0.03. T =6.8x10" N U=
1.0 m/so
2.1

:1) ;2)
(x ) I'm
( x/D) 5
6 o rms(
) 2.60 rms 0.48
° 5(b) 6 2.3
(z/L=1.0) 0.75
o ( )
5

2.2

Fig. 5 Response comparison between platforms with and without top end motion
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