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ABSTRACT

Since the industrialevolution, the demand for energy in all countries in the world has
increased rapidly. The floating offshore platform has been invented and developed rapidly
this year. As a kind of floating offshore platform, the seobimersible platform is
equipped withmulti-point mooring positioning system, which has strong adaptability and
stability for severe sea conditions. It can adapt to the work in-sksepvatersHowever
When fluid flows through a single column structure, alternating vortex shedding of the
columns will occur due to the existence of fluid viscosity and adverse pressure giiadient
the definite velocity rangehe phenomenon of "resonance” will also occur, which will lead
to the motion amplitude of the platform exceeding the design value,ingsulthe fatigue
damage of the platform structure. Many scholars have studied this phenomenon and
designed a variety of devices for suppressing veartdyced motion, including thieelical
strakesas a passive control device. However, at present, tearcrsonhelical strakess
mostly focused on flexible riser structure asmuhglecolumn structure such aSpar
platform, while the research on installihglical strake®n multrcolumn structure such as
semisubmersible platform isare Therefore, it iof great significance to study the vortex
induced motior(VIM) characteristics of sersiubmersible platform withelical strakes

In this paper, vilFOAM-SJTU, aCFD solver for vortexinduced motion obcean
platform is used to simulate vorteéxduced motion of sersubmersible platform with
helical strakesn incompressible flow field by using S®IDES method. The solver is
based on the open source platform of OpenFOAM, which is suitable for solving three
dimensional flow problems at high Reynolds number. Tin@oring system module is
equipped to simulate the mooring state of marine structures and obtain mooring force
information. Finally, it cooperates with tBeDOFmodule to solvé/IM problems.

Firstly, thegrid convergence of the fixed sesubmersible platform is verified to
ensure the accuracy and reliability of the numerical simulation, and a certain velocity range
is selected to numerically simulate the flow around the fixed-seatmnersible platform
with helical strakesBy combining the calculation results of the fluid force coefficient with
the analysis of the flow field, it is considered that bedical strakexhange the wake



shedding mode of the columns of the fixed ssaobmersible platform, andhé lift
coefficient of each column of the fixed sesubmersible platform can be reduced to a
certain extent at higher velocity, but theag coefficient of the fixed sensubmersible
platform is slightly increased.

Secondary three degreeof freedom motio of the platform withhelical strakess
released, and the motion response characteristics of the platform in the direstiogeof
sway and yaware studied. It is found that thelical strakesveaken the influence of the
increase of flow velocity on ¢éhdrag forceof all parts of the platform at 46 curren
heading Moreover, in allcurrent velocity caseghehelical strakeseduce the fluctuating
lift coefficient of the whole sermsubmersible platforrrmmensely

Finally, by establishing a semubmerdile platform model with different heights of
helical strakesthis paper further studies the influencehefical strakeparameters on the
VIM suppression effect of the sesubmersible platform. The conclusions are as follows:
addinghelical strakesvith different heights can reduce the velocity range covered by the
"locking" rangeof the semisubmersible platform. Secondly, compared with the platform
with the heightH,=0.138and H, = 0.20B of the helical strakesthe amplitude o¥IM
of the platform when the platform approaches the natural frequency can be significantly
suppressed. However, the change of the height ofhétieal strakeshas no obvious
influence on the motion response of the seabimersible plérm in thesurgeandyaw
directions.

Key words: Vortex-Induced Motion semisubmersible platformhelical strakes, vim-
FOAM-SJTU
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Table3-5 The results of anvergence verification
a) ,} LgN31!
a) Mean drag coefficient
1 2 3
total 1.2905 1.2629 1.2592
pontoon 1.4492 1.4136 1.3987
Col1 0.9334 1.0078 1.0101
Col2 0.5806 0.5404 0.5203
Col4 0.9729 0.9039 0.8647
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b) 72 b}N31!
b) RMS of lift coefficient

1 2 3
total 0.03%4 0.0419 0.0395
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Table3-7 Statistical mean drag coefficient@flumnsandpontoon

U
.l ' pontoon coll col2 cold
m/s
1.4092 1.0000 0.5185 0.9230
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1.4136 1.0078 0.5404 0.9039
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Table3-9 StatisticalRMS lift coefficientof columnsand pontoon

U
R . ' pontoon coll col2 col4
m/s

% u 0.0651 0.0886 0.2998 0.0569

0.0598
¥ u 0.0545 0.1223 0.3269 0.0523
¥ u 0.0620 0.1142 0.2816 0.0532

0.0896
% u 0.0450 0.1364 0.2872 0.0464
% u 0.0605 0.1202 0.2753 0.0567

0.1195
% u 0.0556 0.1492 0.2697 0.0459
¥ u 0.0777 0.1259 0.2900 0.0587

0.1494
% u 0.0673 0.1491 0.2214 0.0423

45



=
33
>
35
<
c
=
<

39 v b N/ A N Ne "1z A y
v "1z bt U cold 7 v
cold 14z o S A vt og !
a v colda v col2 "4z A
3.23 4
Y v A ) ey T 6 rZ
T G T o b b Aw=un Ne b ’
|7; A ) ' F 2 45F n - A
z  yi T B ° Z=-05H," e A

xxxxx dimensional p non-dimensional vorticity Soadimenitonal p 4 gy
106400 0.5 o 05 L0cH00 100401 5 0 5 1.0c+01 100400 -05 0 0.5  1.0e+00 -10e+01 5 5 1.0e+01

o
— — — e — = — :

a) U, =0.0598mis b) U, =0.0896m/:

c) U, =0.1195m/s d) U, =0.1494m/

4315°1z0=8 Y ©&IMAN<9ALl 'cG M#xH C4 ~ Z=-05H_, U

Fig.3-15 Pressure distribution of platformithout strakesand vorticity Zon plane ofZ = —0.5H_,
[ b ! ¥ u € 3157 y0 °

46



©  U,=0.0598n /s - u col v ‘ )
CoX v T° ° 6 «® M TrsSe N
Ty [ W Nef g €® T
G <® b - ’ l H Y
«® 1w TF v Ty [ FoOof
D A ¢ v i v v T8
W - v 4z - ey v col4 1
M Ne z A
© U,=0.0896m/ ~ "y [© 6 r col4
V4 N u cold u v v  Wv
s WU '® L ~ n - v u col2
- v col2 | T Ne -}
Wy 4® YW I7|, v col2 "
E: col4 HvU colla col3 F -
3 LT v col2 Z A oW Y T
T b [ h A ~ ¢ b v 4
Z ZH " SV Z N T
A W b T y0 Y R colla col3
u col4 M 0 A - v RS W
e - “ oy 0 y I L “iTHG
G T T Wy coll :: u col4 V4 3
z Tt M B A
[ U,=0.1195~0.1494m, ~ " y S v
cold Hv coll col3 B - W A
T T v ¥
W eb } M Ne v colZ Bl
v col2 / W b A 6
- HY «® ~ [ il ¥
v o v T g h M oA
s W - N @ AzNe ~yo ~ v co2 i
1272 @ Az Ne b 1 o Y g v col4

47



¥l 4
T .\ 7 mm ]
’ T = ; \.* (L) ‘\ i
~ 0 O | - < m , .’, \‘n \
T I,A.‘;AJ,,,A, r.‘v AN
" M | € -\7 . /.F
2 g °© 3 s Y & ;
2 & L H
— 4 " 0] \ a =
a T o ° = o, 5] \ p
Z o © S
o= I
X ) S " _ .
= ~ i 2 g
< 5 ) > M_ o .
> O - i, u
2 5 g
> N |_ N mm mu
No© N T g .
D2 o < : ;
> 3 ’ 0 ~ =
) - T el i— v
cce @, — = ind 1\«4*,
A:M (@] Ir v&‘
o N ~ .\. 3
Q 3 ’ :
) o
=1 (&] 5
AA L m i
<~ ’ : :
= 00 (©) > > 5° H
-2 3
= c : §v £
) — B
L v a , N ]
(O] . = <
> o ~
~ E ) o > N m
AR N > = w
< I < ma
— r s 2 5 5
) 0 X o > i

70'5Hcol H

Z=

-

d) U, =0.1494m/s

48

©&>ZM"AN<9ALl 'cG M#xH C4

o Yu°
Fig.3-16 Pressure distribution of platformith helical strakesand vorticity Zon plane ofZ = —-0.5H_,

c) U, =0.1195m/s

4 316Lz 0



Y v g 1z € 316 AW
v v " A . T MNe T H
colla col3 :: u col4 A v U - U
[ R b P S - 5 Y
f N ¢ [ H eb
T Ha H v 5 HY ™ G

i <® nt u v B
oM v (Y G v
[ 7 b W ) b H
1z v T 9vb H 1z v A
G AzNe ~ 7y Y v T @
: REEI © s AT oq
v ¢ Z W A - v ab H
v 37 3 Ve T w v b H Z
A v T 1+ A H o u 3a b
AM PG Ne i z - G v ¥
TNl W A
W Ne u A " b - 5
V Y v ' NH @ U, =0.0896m/t U, =0.1494m/
: o . A
, U col4 i " U,=0.0896m/" ¥
’ ’ Hvp  F v
Y ToRw * Ne ~ <® s .
Ne Ty Ui v v T
R
" He [ el 4Lb A w u Ty
n v v v F o T Ne ” Vi
v ¥ * Ne M G v v | P
” v Al <® HY p W
v ) u WeY M™ P v v -
(EEVRTC) p " T ai Z v~

49



33>
>
355
<
c
=
n

— S e

a)u, = 008§6m7‘ =5 Yp

=3 Yu
b) U, =0.1494m/< | without strakes

b) U, =0.1494m/s
a) U, =0.0896m/s | without strakes

0) U, =0.0896m/c, 2=3 Y | d) U, =0.1494m/s, ?=8 Y
c) U, =0.0896m/s , without strakes d) U, =0.1494m/< | without strakes

4 3-17 @$n>#w Y1l ' cod ,Hwad4  Z=-05H, U

Fig.3-17 Streamline of cal on plane ofZ = —0.5H_,

320 =vWvu col3 Y o N
H v coll col3 v T b G " wluBae

- U,=0.1494m/c ' I}" &  © P

¥ A H U colla col3 v col2 Ty
O ~ HUY U codb ~ b ” N

X W Z " a Toov g T

v T pu T Tf u 3

50



B SN U A\ v
wvz A T A ) € Ne © "y w G
v H U R VAR O V() W
Y u u Y A

\ S - - e = L, — /7/
a)U, =0.0896m/s, =3 Y u b) U, =0.1494m/s, =8 Y u
a) U, =0.0896m/<, without strakes b) U, =0.1494m/<, without strakes

= = _— ~
== 7\ >

— 10 02
S \ Nt Y

d) U, =0.1494m/s_2=3 Y

c) U, =0.0896m/s , without strakes d) U, =0.1494m/s | without strakes
43186Y1"' coll,#w4b64” Z=-05H, u
Fig.3-18 Streamline of cdl on plane ofZ = —0.5H_,

51



™
33>

>
355
<
c
=
<

: average
— 06 08 1 12400
S RS

b) U, =0.1494m/c, =3 Y
b) U, =0.1494m/< | without strakes

F —

Ux/U0_average
~ 02 04 06
el A )

| ) U, =0.0896m/s, 7=8 Y
c) U, =0.0896m/< | without strakes d) U, =0.1494m/< | without strakes
4319thwY 1 ' col2 ,}#w4d4  Z=-05H_ U
Fig.3-19 Streamline of cd on plane ofZ = —0.5H_,

a) U, =0.0896m/s

=5 Yu by U, =0.1494m/c, =5 Y
a) U, =0.0896m/s , without strakes b) U, =0.1494m/« | without strakes

52



S5 Un/U0_average
-2.0e-01 O‘}&OA 06 08 1 1.2¢+00
N

¢) U, =0.0896m/¢, 7=3 Y d) U, =0.1494m/s, ?=3 Y |
) U, =0.0896m/s , without strakes d) U, =0.1494m/¢ | without strakes

43206Y1L"' col3,}#w4d4” Z=-05H, U
Fig.3-20 Streamline of cd on plane ofZ = —0.5H,

3.3
0 45£ oA R ¥ 0130 v
N [ v N Z VW No
AN z T z ” v "W
, G v IR v " 5%
TA v v A ) z \ 1 G Y
u e N g [ G Y u A
[ U 1z N " U, =0.0598m/¢ T
Y v “ A ) * 1z i - v~
U,=0.0896m/ ~ H 1z © [ U,=0.1195~0.1494m ~
Y v A R I G Y v A -
¥ CH 4 bt u cold -
u cold 1z O S A v vooa N
- v cold v col2 "4z A
Ne > 1 w™ g v Ty v ™
y f T v (Y
A ¢ ~ Az N ~ ¥ v 3 @ u

53

















































































































































































