CSCD R M) Scopusii T
GRZBTN JSEELRD

CHINESE JOURNAL OF SHIP RESEARCH

HTEEAR KFDPSOM: B 1 B8 R FEG MRIBTSE . AR BX R WM ILR &b

WA FHE R AR B AR

Research on dynamic performance and heave suppression of FDPSO vessel based on model tests: a
comprehensive analysis of influence of heave plate arrangements

XIE Wenhui, LI Hui, DENG Xiaokang, LIU Liqin, XIAO Longfei

TELL 1L View online: https://doi.org/10.19693/].issn.1673-3185.04152

BT BRI HA S T

Articles you may be interested in

P AR G BRI SRR R U0 A TR R 0B
Analysis on the particularity of model test for composite marine propellers

T EITRIFSE. 2021, 16(2): 9-14  https:/doi.org/10.19693/j.issn.1673-3185.01852
PR B FI 7R SR e RE B

Propulsion performance analysis of hydrofoil on a wave—powered boat

rh EARASIESE. 2020, 15(1): 119126 https://doi.org/10.19693/j.issn.1673-3185.01672
P g i
T R A e AR P P U PR S T R 2 AL 1 T R AR AR G

Design and model test verification of internal plane bulkhead with new connection structure in a submarine

Hh AT ST 2019, 14(2): 51-56  https://doi.org/10.19693/j.issn.1673-3185.01405

15 MW 2k Spar{Z 7 2R 5 B 75 58 Bk sh I PERERTSE
Design and hydrodynamic performance of 15 MW Spar—type floating offshore wind turbine platform
o EARITSE. 2024, 19(4): 71-81  hitps://doi.org/10.19693/j.issn.1673-3185.03533

TS AR T 85 B P R 5
Experimental study of drillship resistance performance in open and closed state of moonpool

o EARARIESE. 2023, 18(2): 176-183  hitps://doi.org/10.19693/j.issn.1673-3185.02553
HFSTAR-CCM+[1/NRITE A AU K 3 TR 2B

Hydrodynamic performance of small unmanned catamaran based on STAR-CCM+

AR BFST. 2023, 18(5): 73-82  https://doi.org/10.19693/j.issn.1673-3185.02936



http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.04152
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01852
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01672
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01405
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.03533
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02553
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02936

S RN I /I S B
Chinese Journal of Ship Research

SRR B e

L 2N, XS/ R, A R TR 1) FDPSO M 5l 3 1 BE B 3 3 410 i AIF 5« 388 3 Al AT ) HL

HA ) M 11 : www.ship-research.com

A kS

A3 (7], P E R AR AT DOL: 10.19693/j.issn.1673-3185.04152.
XIE W H, LI H, DENG X K, et al. Research on dynamic performance and heave suppression of FDPSO vessel based on
model tests: a comprehensive analysis of influence of heave plate arrangements[J]. Chinese Journal of Ship Research(in

Chinese). DOI: 10.19693/j.issn.1673-3185.04152.

H F# 8K 18 /9 FDPSO A5 h 7114 &t
REZNEHAR . EZFWRAEX
ExMMES

W, Fi

Xl—g’] }%1 %2

E -
Hﬁ"ﬂiﬂuéi

53T

H AR

1 YA R A R R fﬂ\? 4L 100028
2 R#EAZF, Xi#E 300354
3 bR EKY, LiE 200240

W OE: [ B8] FRHR
FE B FDPSO % i1 4Rk 45 5.
FFR H ol
B RIAR G AR S, [ &R ]

B R I — A — 18 N AR —

K NS 2R AR 7 il )il 8 (FDPSO) 78 A [W] 2 7 M A 5 T 9 3h P RE, b 3R
[ | R 1:60 47 KL il £ 1Y, 350 i 00 22 o v Al L AN (] 1) B 00 3 99 42,
18 KR I G FE F 3L, M FDPSO E.0 AL 7S A H IS
SRR, B G MO IS Bl [ AR ), 3 3 0

UCRHLTE PEfR s XUZ 3 7 A 2355 25 J s BELZSCR A0 2 35 W i K It i (e 0 B W I BE R 52 O 1= 0.55 1= 0.5 Y XL

EE/ZJ&E’J%JWDT“%?(RAO)m%{éijt?i}:'ﬁ%ﬁi A —
SR 37 0 TR A /N TR 2 5 G — A —
ﬁfﬁ?$}§$@$ﬁ%‘“&ﬁﬁﬂﬁ/]\?ﬂﬁﬁ@*&o

e v Wiz Sl BCR A i RIE S R8T,
M s Bl 6 1 AR 2R OK, AR —

g DL XU 25 A KR IR B G, HR
185 ¥ B0 A [7) 2 355
[## ] 5%,

L) I 5 WA 3 Bl D A B AR, S PR et T 2 R B2 A v A A R X FOXUZ 3 0 ] B E

o TR AR 4 AT o
X %2 FDPSO; TEwifh; sh fidkgE
FE S % E:U661.3

0 51

P IR AR Pt N S (FDPSO) S22 B4 Tl -
B R AR 7 |6 R LA AN S 2 R T RE Y 1
RN, AR 77 228 77 it 0 2 B (FPSO) %k
filh b 38 hn G - D RE, BE TE B IF A [R) B E AT AR
HA BN Har s HAr, 5 Lo 2@
f) FDPSO i 247 3 i : R % v i i 45 4t 3 19
%) FDPSO(MPF-1000), /2 tH % 1 i 77 =04l H- A= =
it F- 55, 2008 4F 12 7 58 T B s s /) i

W is B HA: 2024-08-29  f&[EI HHA: 2024-11-04
EL&TWH: BERHE KL I(20162X05028)

3 RIS A8 sh
XEFRERD: A

DOI: 10.19693/j.issn.1673-3185.04152

T B A 7 FDPSO( Azurite) , 2009 4F 8 H 75 [ 5 3
FEN 3R Azuarite T IE S8, B — 588 KR
W (VLCC) gi 38 1M 5 s R 38 o i 55 2 3 1Y
Sevan Driller, ;&5 5 RIS IE FDPSO, 2009 4F 6 H
A

FDPSO (K HE7K & K . fr b B8 45 1 4, K
18 B R e M FOCEE T, BN 2 5 AR AT LAAT R
TR 5 02 30, [ P Ah 2 6 FPDSO K L
KB Ty | A8 s A R AT T IF5E . XA SE
U 1E Sevan A FPSO e fify I o AR 3 39 M 25 44, X

EFE v W0, B, 1975 4R 4, Wik, SR TR . AFR 7w WK R TG Bt XS g AT % o E-mail:

Xiewh@cnooc.com.cn

ZERE, T3, 1990 4F A, P4, TRE . #5805 [l : TEAAR/K 35 J1 43 E-mail: 1ihui97@cnooc.com.cn

XB/NERE, B, 1993 4 A A, TR, WF5E 7 M) W PR 45 M i 5 45 . E-mail: dengxk3@cnooc.com.cn
XHZE, Lo, 1977 28, M4, B DRS00 ) IS5 ) 1 2 0F 58 . E-mail: liuligin@tju, edu.cn

Hoe %, B9, 1975 4R AR, T4, . BE9T 05 s Vg IR IR OK 3 18 5E . E-mail: xiaolf@sjtu.edu.cn

“BIEEE: XIF 5


http:www.ship-research.com
http:www.ship-research.com
https://doi.org/10.19693/j.issn.1673-3185.04152
https://doi.org/10.19693/j.issn.1673-3185.04152
https://doi.org/10.19693/j.issn.1673-3185.04152
mailto:Xiewh@cnooc.com.cn
mailto:lihui97@cnooc.com.cn
mailto:dengxk3@cnooc.com.cn
mailto:xiaolf@sjtu.edu.cn

OO M B 5

AN (] 250, 1 3 A 728 A T L8 AR P D 2k SR
HEATHIR ST, &5 AL 3R W/ INE A 2 5 ARG VR R 9 2 35
iz S A RO o ¥ T A X I L AT
1) 3 #4 [5 3 FDPSO 3% i ol i 47 5B AL LT3,
F LA Rl B 45 1) 98 32 v R PR AR I 32 B
ORI 7SS Al (S0 RS /Y QL e W B S B
TR FILE A5 () SE A1 B HE VDU 2 v X 5 A 1
HEAS, 400 A X3 13 8 FDPSO I AMNE AT TG
ko 2 W0 A5 1R 5T A 4% Tk 15 FDPSO iz 3y ]
N Z I SC R, RIIF RN B35 B 1 2
By 37 B A TR 0 WS L A B 3 Philip 487
58 T 1R 38 35 M6t A X (SPAR) it 10 F & 8 )
PERERYRZ M, XF AR . — D TEG R . AT
M S5 47 0 F A7 AR S50 5 R AL, AF oY 3R B Al
P M AT LB S R 6 AL BEL e R B8 B N T i =
B, T XUZ 2 3 A L )2 O TN 2, 2 B0
R /N . Concalves 4™ WF 5% 7 A B A b 1Y & 18
RUVEAR, A5 T A Y 2 35 [0 A T 1) 32 3 35 Bl 1) 52
W AE A, Li 26 78 FDPSO V- &5 W JL il |, 54—
AN B A4 K LT 1 LS S5 48, B2 1 — ol (B A
J& FDPSO V-5 . £ X PIFREIEI RINAR S, 456
A R R, SR FH I OGR4 B 5 vk, X B -RA
RGN 1 RE TR . S5 R R, R
FH 8 -RBR-5E" X R IR A ie W 2 F 5123
N FTHLTE 3R . Romain 5" SR I CFD #i{E A5 A1
5% T35 BHLJE A 7E 52 38 3 )32 3l i 00 O [ R 5
T, . CFD 25 ARG M w0 T I i) 35 Ji 1A A o
TS 3 1 45 Fh I 45 . Shen 25" MR A TR s
8l 52 335 A [ A0 i 0% =X 5% i E A T AT 5T, 465
JEFB, A — Y R P9 T 3 Al 0 i e, AR
V1B B PERE B, Nacii 2" HFR £ A &1
FPSO [ 7K 3 J1PERE, 145 A A5 1 52 56 Fn U {E 43
B XV A B VR A5 2R AT T T

Bl et T A VA, O I O A B B O\ SR B
FDPSO % it 4. T i 346" Wk 5% 3 35 i x A\
¥ FDPSO I 3 10 il 14 &, TiF BH XUZ 2 55 Al 11 1)
TR F 2R . TRIFE" WA %
DB | W KR B L T 9 A R 35 A U R
XK I\ T FDPSO T 3% 38 3 1Y 52 i, 45 9 3%
W, 3t 9 A% 388 152 T DL RO T TR R Y Az Bl ok
RE, B4 26 3% AR SF AT LAY IR A TR 3 [ A R
W, B8R AT LA AR VR AR TR s st RE . (1
S, LB TARY I THUE B R IF, B = 4 Y
IS UE . PR, AR SCHE X rhfg i B 9 8 Be ik
THEY R IK /\ S TE FDPSO, 3 455 70 58 46 sk AfF 57 H:
Bl S PERE, 0 3R Y A BRI R 5 38 Bl 1
5, Sy Fe [E B i FDPSO R TRt HE S .

1 FDPSO Z# K ik 1613 72

1.1 3R Aok i &

BEA 0 A 1 3 52 38 RS 0 1 DR K R 56 3t T
JE o MR TR AR 6 b K AR — SR 4
B, AT AR, TR L TSRS R IR . KLY
FHARA R 50m K| 40 m 5, H KA TAEK
WM 10me KHEAALE 0~ 10 m 3 [ AT =0 .
KR e K TAEAKEE 40 m, HAR Sm., FEEE
HAH:BERE . HERSE . BERAL . BEXER
e, KR RG . RIHHBRIE . HiE RS Bl R
BERGE, VUSRI LA & A0 IR L WL 1 B
TARZE R YA ALE Sl AL AR B4 o

BREA 0 (R S A 55 A5 7R 2 ] ) (e T A
Wi FEIA JR B S5, RIS A2 PR 3 1% 35 T AH AR RAR 1
ARARL, PR

Vi, V,
= (D
gL gL
Vol V.T,
= 2
L. L,

KAV, L, T 5 R ol B AR A4 R B R 3 22 )]
1, TR m Ks 430 RN B AR . ARG B b
FEARLTE DU, 455 780 15 5 PR T £ 5 ) B o 2 [R] ) B
5 F WL 225 30K [15]

1.2 FDPSO #E&R K S #]

I % 1:60 45 R L IR R AY, B0 i 28 T
B HEAT IR 43 BT . FDPSO AR A 3 32 R BE 280 X
BRI ZHN 3R 1 s . IR RI A aniE 1 R . i
B 2(a) rs, R0 RS0 & W E 2(b) fir
No EHREBERHALEHRSHAERR, =H/

&1 FDPSO ftkERESE
Table 1 The main scale parameters of the FDPSO hull
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Fig. 1 Hull form and main parameters
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Table 2 Free decay test conditions

RIFS  WHRAELL  RAFR WG 2
15~17 0.4 / BERE. HIE. TR
18~20 0.5 / RERE . IR, 555
21~23 0.8 / M. OB, TG
24~26  HBEEFHR / RERR. IR B
27~28 0.5 4x4 WG BRI
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Table 4 Wind, wave and current test conditions
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Table 5 Environmental parameters
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Table 6 Physical quantities measured in multi-point moored
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Research on dynamic performance and heave suppression of
FDPSO vessel based on model tests: a comprehensive analysis
of influence of heave plate arrangements

XIE Wenhui', LI Hui', DENG Xiaokang', LIU Ligin”, XIAO Longfei’

1 CNOOC Research Institute Co., Ltd., Beijing 100028, China
2 Tianjin University, Tianjin 300354, China
3 Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: [ Objective | This paper studies the dynamic performance of a new deep-water octagonal floating
drilling production storage and offloading (FDPSO) unit under different heave plate arrangements to provide
guidance for the design of an FDPSO in the South China Sea. [ Method ] Models are made with a scale ratio
of 1:60. Single-layer and double-layer heave plates with different spacings are set up. Free decay tests, white
noise tests, and combined wind-wave-current tests for one-year and one-hundred-year return periods are car-
ried out. The six-degree-of-freedom motion at the center of gravity of the FDPSO, mooring system loads, ac-
celeration at typical positions, etc. are measured. [ Results | The results show that the single-layer heave plate
has the smallest natural period of floating body motion and the largest dimensionless damping ratio for heave.
Considering the drag-increasing effect and the problem of heave plate emergence, the optimal non-dimension-
al spacing for the double-layer heave plate is selected as A = 0.5. The peak response amplitude operator (RAO)
of the double-layer heave plate with A = 0.5 is greater than that of the single-layer heave plate. Under the one-
hundred-year return period sea state, the double-layer heave plate shows emergence and wave climbing phe-
nomena, while the single-layer heave plate has a better motion suppression effect with smaller floating body
motion, mooring force, and acceleration at typical positions than those of the double-layer heave plate. In the
one-year return period sea state, the difference in anchor chain forces for different heave plate arrangements is
not significant, and in the one-hundred-year return period sea state, the anchor chain force of the single-layer
heave plate is significantly smaller than that of the double-layer heave plate. [ Conclusion ] Based on vari-
ous tests, the single-layer heave plate has better motion suppression performance. In actual design, the single-
layer heave plate arrangement can be considered, but a more detailed experimental analysis is required to de-
termine the spacing of the double-layer heave plate.

Key words: floating drilling production storage and offloading unit (FDPSO); heave plate; dynamic per-
formance; model test; motion suppression
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