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Motion response of ship—to—ship system
considering fluid damping correction

LIU Li—qin', LIU Yi-lun', WANG Ling*, GUO Ying’, MENG Chun—lei'
(1. Stake Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China;

2. Tianjin Navigation Instrument Research Institute, Tianjin 300131, China)

Abstract: The damping—corrected potential flow theory was used to study the ship—to—ship transfer system.
The CFD numerical model of ship—to—ship transfer system was established and the theory of potential flow
was modified by applying viscous damping lid on the free water surface between two ships. The time domain
results of ship—to—ship transfer system with and without correction were compared and analyzed. The results
show that the calculation results of the motion response of each degree of freedom of the two ships and the
force of each mooring or fender without viscosity correction are higher than the corrected results, and that it
is very necessary to consider the correction of fluid viscosity.
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Tab.1 Relevant parameters of mother ship and berthing ship
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Fig.1 Mooring arrangement of ship—to—ship transfer system
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Fig.2 Stress performance of mooring line
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Fig.3 Diagram of mooring line and fender arrangement
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Fig.4 Wave forces on the mothership (9 m gap distance) for various corrected damping coefficients
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Fig.5 Time history and frequency spectrum of motions for mother ship and berthing ship



862 WA 7127

28 5 6 1Y)

2N EFNATG [ERHL S B 1E IR DL B i BRGNS 38 shGe T4 4L, 3 b “ AR 22 517 2 1
LHJEBIE R (e = 0.03)BIEZ 5 Mis ST AEAIRX T IABIE (¢ = 0) ZRTRYI/ M. thaRAT A, B
J& 35 B Tt 0T RO B 3 57 12 Bl W AN WA Tk TR R A b, B G AB IE AT R A R A B TB
B RAR T 26.5% , SEIA MRt 62.5% , H M AT UL , SRS M0 T XU 28 GEad BVl if 7 A i

A2
x2 IRRZENMRIEHGITHE
Tab.2 Statistic parameters of ship—to—ship transfer system motion
i F s{H ¥{E FpifE 22 EEIN ] f/MA HXAE A 225
e=0 0.00 0.05 0.16 -0.17 0.10
Heave/m 10.0%
e =0.03 0.00 0.05 0.15 -0.17 0.09
e=0 0.57 0.15 1.25 0.09 0.83
53 Roll/° 26.5%
e =0.03 0.49 0.07 0.93 0.23 0.61
e=0 0.00 0.06 0.20 -0.17 0.12
Pitch/° 16.7%
e =0.03 0.00 0.05 0.19 -0.16 0.10
e=0 0.00 0.06 0.22 -0.21 0.12
Heave/m 16.7%
e =0.03 0.00 0.05 0.19 -0.18 0.10
s e=0 -0.36 0.16 0.35 -1.09 -0.08
SRS Roll/° 62.5%
e =0.03 -0.31 0.10 0.02 -0.72 -0.13
e=0 0.00 0.09 0.31 -0.31 0.17
Pitch/® 23.5%
e =0.03 0.00 0.07 0.26 -0.23 0.13
3.2 %fﬁfv“‘.j]i‘]’[:l: 1400 - [ Je=0 Bl :--003

AILRINGRE R RGBS AR CCSOIXT
Wt SR R ) Th SR Je R g A RABUBCR 2, 4% 4
FECHN 1.67, HE& RGN L E KT 1374 kN, K6
SR It B R G AR AN TR BH JE A IE PR LT 79 45
RS MBS R . B AT BELE 35 Bt o)
ARG R YK T 2 i o g T A
i Linel 1 Line2 5K JJ A T HoAh 7 45 56 K, 45 b M2 A7
THEERY Line 16 B HAW AT K. fH Ll FI0L TR A B
Y FR BT K, R AR W A R 1, BT LATE A T &R
J7 ZE VLTI B S O AL B R G S AR A iz B I
Mo B 7Y T R Z 1 RS Line2 195K 77 15 7 i £& 5 40

1200 _
1000 M
800

600

Tension (kN)

400

200

L
1 2 3 4 5 6 7 8 9 10 11

Mooring line number

y
12 13 14 15 16

K6 2% R 45K i RN L

Fig.6 Comparison of the maximum value of

mooring line tension

T AL, R AIER T B B Z A ARSI 3 (0.75 rad/s BT )

1400

77777 =0 140
1200 _
£=0.03 2 120
= 1000 | k 2 1004
= 500 o | 3
o 1 1 1 80
kel ol ﬁ £
Z 600l I | = 60l
5 i | i g
& 400 < 404
200

i
1000

0 200 400 600 800

Time (s)

(a) 48 Line2 15K 103 g il £

204

””” =0
£=0.03

0.05 0.10 015 020 025 0.30
Frequency(Hz)

(b) F45 Line2 15Kk J1 43 &

K7 Z45 Line2 %) 5K 1 iy il 46 5 4 7]

Fig.7 Time history and frequency spectrum of Mooring Line2 tension



55 6 3] XIFIERE 2 &R UK AR e B e AL 5% - 863

3 3 AU I B R G AE 5 ARG JEBH JCAE IE PRI IGO0 T 185> RETTk G 4558 . F#h s
A5 R KK ) R A AE R 2R Line2 Ab 01l 4y 1320.92 kN, Fi I AT 148 2R 48 S 45 4622 4 2 B0 BR il
ko A, S RBTAEIER K IR G RS B TEIEE MR, b R Linelo JU o 3 & 1E I
AMEIET 15K 122 5 83k 41.5%

x3 WMo REKNNGEITHE

Tab.3 Statistic parameters of partial mooring line tension

G5 el YI{E/KN I RAH/KN H SUAH/AN AHXT 22 53]

e=0 256.75 1255.23 719.58

1 29.49%
£=0.03 223.54 823.79 508.26
e=0 294.04 1320.92 778.62

2 28.1%
£=0.03 259.54 893.63 559.28
e=0 387.18 1024.54 744.52

9 34.2%
£=0.03 344.02 643.07 479.49
e=0 229.14 1018.85 661.85

16 41.5%
£=0.03 183.95 754.06 386.98

RRE A= POl

7 4 5158 73 B WU i B8 R GEAE % BN ERHJE A IE PR B T 2547 %32 1 B GEiHE S i
AR AR o Hh P i R 32 0120 5018.24 kN /INTHPR R Bt By, Al A SCEH R e el
FHL 2t el e R ARV IB IE XS i SR G LA I RO 3, A B IE R &2
SRS R T IEIR AR Frh s U I i T 44.4% . RS EZ 10 B S R it — 2
R, % R MO P BB TEXT SR S TR AR W L ZE A o TR 9 BT 7s AP LA )52 3 it Dy i £ S50
TR, AT I AL BTG IR, R RIRI R 48 Line2 — P52 JIBR T OB A o3 Z A1, 3 A7 A A AR
%

6000 4

=4 PEZHGIHE [ Je=o  EE-003
50001
Tab.4 Statistic parameters of fender force z
< 4000
ErRes efH PIE/AN  BORMEAN A XE/AN  AEX2200) 0o
e=0 684.52 5018.24 3290.92 _E
#1 26.9% < 2000
e =0.03 647.83 3412.42 2405.26 o
£=0 551.13 4693.19 2878.64 10001
# 29.0% oL
£=003 53044 2981.09 2041.78 | ; ; "
“ e=0 424.89 4394.79 2705.59 40.9% Fender number
£=003  349.87 2719.57 1597.67 o K8 24Pz Iy e KAERT L
e=0 443.98 4835.46 2910.46 Fig.8 Comparison of the maximum
#4 44.4%
e =0.03 325.36 2725.68 1616.82 values of fender forces
50001 ; o e=0 W =0
_ o o £=0.03 200 £=0.03
§ B — ;
é 4000 j | ; i é
S 3000/ g P g 3009
£ 20004 g 200
g [ <
B 1000 1001
0 200 400 600 800 1000 0005 010 015 020 025 030
Time (s) Frequency(Hz)
(a) PZ#1 132 185 Dy i 2% (b) P Z#1 1452 J1 8

K19 Pt 1952 it Dy il 2 5 53 14

Fig.9 Time history and frequency spectrum of Fender #1 force



864 MR S 2# 28 B 6 1)

’k}

=
i
<l

AR SCHENT T 3 BEOBU 22 G B /K it S B CFD TS5 B0 S Be 25 kAT T8 e, Xt
KU 5% R GEAE 5 B S A5 JEAG TR IEPIAE B0 T, X5 KU IR RIS G F R A sy B4 R AT T
XFECAMT , WS A B ARG X T 00 2R G B Ak i 7 A A R AN A 280 4R 1 26 T 3 B Y
KB IITHERGE . FEAET

(1) TE% I8 5 AT SRR PRI IE MR B0 T, XU IR TS AR TR BSOS 55 28 8 00 i s )7 L 45
RIEAT T X HE 30T, R BBURE 2% i BE 3z gl 1 DL K 8 R BG4 RS2 ITEATE BRI I T 111534
R =T IEE 4

(2) BRSO A TH, BV 2 2 OB IE A THIRE A5 RAH B B I 5 A4 R & i 26.5%, 5ETH
P s H 62.5% 5

(3) 24§ Linel6 5K I ICAB IE W IE IR RS A S 1 1 41.5% , Ffiz#d 52 I GBI IWIB RS R il 1
44.4%

& £ X #:

[1] Miao G, Saitoh T, Ishida H. Water wave interaction of twin large scale caissons with a small gap between|[]]. Coastal Engi-
neering Journal, 2001, 43(1): 39-58.

[2] Saitoh T, Miao G P, Ishida H. Experimental study on resonant phenomena in narrow gaps between modules of very large
floating structures[C]//Proceedings of International Symposium on Naval Architecture and Ocean Engineering, Shanghai,
China, 2003, 39: 1-8.

[3] Chen X B. Hydrodynamics in offshore and naval applications—Part[C]//Keynote Lecture of the 6th International Conference
on Hydrodynamics, London, 2004.

[4] Ji BT AERRE R FLNG 5 LNGC S5 5EAE L /K 3 1 T30 #r[D). B B aciliRa#, 2018.

Zhou Ke. Analysis on hydrodynamic interactions between side-by-side FLNG and LNGC under different wave directions
[D]. Shanghai: Shanghai Jiao Tong University, 2018. (in Chinese)

(5] X V. ANIR] A ER B R AR A R PRI M IRAE S B2 20 BT [ D). R JRK 356 IR R Tll R 272, 2021.

Liu Tao. Analysis of the influence of different degrees of freedom on fluid resonance and resonance modes in the gap be-
tween floating bodies[D]. Harbin: Harbin Institute of Technology, 2021. (in Chinese)

[6] Zhao W, Pan Z, Lin F, et al. Estimation of gap resonance relevant to side—by-side offloading[J]. Ocean Engineering, 2018,
153: 1-9.

[7] Xu X, Li X, Yan J M, et al. Hydrodynamic interactions of three barges in close proximity in a floatover installation[]]. China
Ocean Engineering, 2016, 30(3): 343-358.

[8] Lu L, Cheng L, Teng B, et al. Numerical investigation of fluid resonance in two narrow gaps of three identical rectangular
structures|J]. Applied Ocean Research, 2010, 32: 177-190.

[9] Lu L, Teng B, Cheng L, et al. Modelling of multi-bodies in close proximity under water waves—Fluid resonance in narrow
gaps|J]. Science China Physics, Mechanics and Astronomy, 2011, 54(1): 16-25.

(10138 75 . 3 3 CE5 R 0] B PN B MR S TR IR (R BB 5D . R34 Gz BE TR 272, 2019.

Tan Lei. A study of the large—amplitude wave resonance in confined space between floating structures[D]. Dalian: Dalian
University of Technology, 2019. (in Chinese)

[11] Cheetham P, Du S, May R, et al. Hydrodynamic analysis of ships side by side in waves[C]//International Aerospace CFD
Conference, Paris, June 2007.

[12] XUEIbK . 555 2 PR IR 1@ 7 R BB A S WIE D). b EiEsSl R, 2013.

Liu Hanlin. Research and numerical simulation on dynamic positioning system of multi—vessels arranged side—by—side[D].

Shanghai: Shanghai Jiao Tong University, 2013. (in Chinese)



55 6 3] XUFZEAE - 25 JE ] BK AR e B IE A 3L - 865

[13] Oortmerssen V G. The motions of a ship in swallow water[]J]. Ocean Engineering, 1976, 3(4): 221-255.
[14] H A AT: . ST Ay AZRALAEIS). JE T AR th AT, 2021.
China Classification Society. Steel vessel classification rules[S]. Beijing: China Communications Press, 2021. (in Chinese)
(151 P FEUBT AL . A i B4 R [S]. JEot: A Rsgid ik, 2019.
China Classification Society. Ship—to—ship transfer guide[S]. Beijing: China Communications Press, 2019. (in Chinese)
[16] Pneumatic rubber fenders manual[M]. Trelleborg, 2023.
[17] XU ZE . XU 8] Bk A4 iz sh 4R Bk R BB B IERFFE[T]. Hh EARAAFST, 2023, 18(3): 129-138.
Liu Liqin. Study on fluid flow characteristics and fluid damping correction in the gap between ship—to—ship system|J]. Chi-
nese Journal of Ship Research, 2023, 18(3): 129-138. (in Chinese)



