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Numerical simulation study of vortex—induced
motion with coupled multi—degrees of freedom
on Spar platform
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Abstract: In order to study the vortex—induced motion characteristics with coupled multi—degrees of freedom
of Spar platforms under a uniform flow, a numerical model about the vortex—induced motion of a Spar plat-
form considering fluid—structure interactions was established based on STAR-CCM+, and the coupling ef-
fects of five—degrees of freedom (surge, sway, heave, pitch and roll) were investigated. The results show that
the vortex—induced resonance can be observed obviously at three degrees of freedom (sway, heave and roll),
and the velocity interval of vortex—induced resonance is the same at the two degrees of freedom (heave and
roll). Meanwhile, the coupling effects between sway and roll are obvious. In the case of sway resonance, the
relationship of the dominant frequency between sway and roll is 1:1, and in the case of roll resonance, the sec-
ondary peak frequency of sway is the same as the dominant frequency of roll. Moreover, there are complex
nonlinear coupling relationships among the three degrees of freedom (surge, heave and pitch), not only the
dominant frequency of surge and heave always exists in the pitch spectrum, but also the coupling effects be-

tween pitch and surge, pitch and heave are various in the different ranges of reduced velocity.
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Fig.2 Numerical tank and computational meshes

ARSI TE b, RS A 0L 20 e 8 0 i P 835 48 SR RS B R AR AT S i), AR A AT

P A LSS 23 BT (SRR TG G BT ) A HE 53 o0 A% %o
BT A R . L, AR SR T R |
T A FIAH A% — B XA HEA T DO A T M B0E
e UK I R N U=0.15 m/s(U=7.5) , 3545 5 4n
2PN o ARHEITIAZE AR A v A% AL )
146 10, ) FREIME KB T J7 22 BRI 5 e 1 et
AL R IIAE 5% LA, 296 J7 W RS B0t B 208l .
DRI, Sk e A40KS B A TR0 R, AR SOl e b
WS AT
1I3HEIRSEHERIN

AR S-Spar - 5 M G AR
BEFE AN B EERRA A TR G2 shim Rz (& 3 TR A
TR 22 [ 7S H BB A2 g IR TEAS TR SR 3
R R X Y Z 5 = A s AR E R XY
WAL S A b L T A N 1.5 80 17.5, 2
) S—Spar -4 VIM E B 118 T30 a5 3 firs .

R2 MBS
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Fig.3 Motions including all six degrees of freedom
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Tab.4 Results of the free decay test
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Fig.4 Free decay test results and Fourier transform
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Fig.11 Motion response for each degree of freedom at U=14.5
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