5 28 4575 4 1] PR S Vol.28 No.4
202444 H Journal of Ship Mechanics Apr. 2024

LEHS . 1007-7294(2024)04-0513-14

ifE18 % il £ B 22 X iE CXUAL
B il BB R 4 T A 5T

£ N EXRS RER, KR
IABHER: o, S0 S TR0 b. MR A BFICBE L 1095 BT 212003)

FEE - RE 2 IR 2% (TLMCD) 5 i3 U Rl Y 20 UL, 767K b 3 T e, AR5 ) U3 4 TLMCD
Xof 7 2 RIS B 7 1) 45 S SR 5 Tl IRE R P OpenFOAM 4 S7 BRI HEATIRAIE , MR 3 K 8 Fr a8 7%
iz S A FIBEJE 3 el % 75 16, 438 TLMCD 5 77 20 RIFR A i/ HALEE . 255380  TLMCD 76 39305 T
PR R AR L 29% et LU I VAR T LA R AV (A AR T e KA IR 3 11 10.84%~18.53% , 1E 0.9<T/T,<
1.1 58 A TLMCD RS 20 7.32% LA b W R ROR s JE4R J5 4 T WA 52 3% 7 A (97K 3l 7 B0 E D iy i ] o5 1
h89.52% , AT N R AT 5837 R M S v (A AR 48 2 1) Py BEL @ 06

KR : TLMCD; 77 3L A 5 AANRES 5 A{E ARl

RESES: U656.6 SCERFRIDAD: A doi: 10.3969/j.issn.1007-7294.2024.04.004

Pitch mitigation characteristics of floating offshore wind
turbine substructures with tuned liquid
multi—column damper (TLMCD)

DOU Peng*, WANG Zhi-dong", LING Hong—jie", XU Xiao—sen"
(a. School of Naval Architecture and Ocean Engineering; b. Marine Equipment and Technology Institute,

Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: With a scale model of tuned liquid multi—column damper (TLMCD) and floating substructure es-
tablished, experiments were carried out in a flume to study the control effect of TLMCD on the pitch motion
response of the floating foundation under regular wave excitation. The numerical model was established and
verified by OpenFOAM. The coupling mechanism of TLMCD and floating foundation was analyzed from the
aspects of flow field, hydrodynamic loads, floating body motion and damping force. The results show that
TLMCD has the best pitch suppression effect under resonant excitation, and that the liquid with a mass ratio
of 2% reduces the maximum pitch response of the floating body under resonant excitation by 10.84% to
18.53%, and achieves at least 7.32% damping effect in the range of 0.9<7/T<1.1. By numerical method, it
was observed that under the condition of resonance, the hydrodynamic force generated by tank sloshing took
up 89.52% of the time to do positive work, and that the sloshing of liquid in the liquid columns periodically
provided reverse damping moment for the floating body.
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Fig.1 Top and front view of the floating foundation
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Tab.1 Main dimensions of the floating foundation model

RIE =i L, L, L D, D, D, H, KG
SR /m 6.0 32.0 50.0 6.5 12.0 24.0 20.0 9.74
7 RS AR /mm 41.25 220.0 343.75 44.7 90 160.0 135.0 83.74
1.2 TLMCD #& %!
12 45 1 7 TLMCD f 7% 25 P L B A5 49 5 7T 2 B8 TLCD (9 [ 4 W A7 18, 36 T30k 19 H 7
RIS (1) AR 78 FLR AT R0 ; (2) Wk: P _
(1 11 TR K F 10 5 (3) BELJE 2832 5158 11 /K J7 1 1 itz
SR, WIPRCEE DY [ PR AT 3h T %
0+ £ L0 e 0=-Fan o [ i
L, N TLMCD 22 33830 5 /K - a7 10 - i e Fel e
¥y Ay 43 5 oA TLMCD WA P9 I8 B4 im 3ok 8 3k 38 AT v =
B ARLA, 5330y U AR 8 e ) ALK P2 38 1) 9 T L{ I = |
0L HHLR I o, WHLR S BB AT LS TIMCD 1 o 1 A i
WA B, [ 2 TLMCD K7 &
L. =2L, + %Lh 2) Fig.2 Schematic diagram of TLMCD model

Ao, L AL, 5350 TLMCD ) 46 s 2038 0] KPR BE . TLMCD Y[R 4532 ] R

w, = \/2¢/L, (3)
Arb, g NE SN W BUESEA, A, L L AT LA TLMCD Y A 305, (i 2 S5 i 90
PE 5 A WA A5 . TLMCD BB NHE [ A 5 7,8 1.95 s, BAR S5 W& 2, Hrp R AR, 53 51 R
TLMCD Y38 LA BT o b o



516 B 2% F28EH 4

2 TLMCD IR 25
Tab.2 Parameters of TLMCD for tests

A, /m? A, /m? L,/m L,/m Ty/s R, R,
0.000 35 0.000 0785 0.045 0.3969 1.95 1.00 2.0
1.3 ERMIKRHE

3 AR ISR -4 A A AL IS A, TLMCD PN AR SRR VAR s €8 2% 42500 (5 T 08k o7 28 4k
PEIRTK It P 2 (A1 BR Sk S s i 7 %1 5 e F B s e, R FH K5k BN R T, i R R i
By, AR PR ARE S S G vl R R TR -
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JIN, it G 25 2 NI R e B AN R B R G I A 1A A%
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0.038 m, X W . 2% FI 7S it O, % JR) 30 T HU(E 9 LR
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Fig.4 Arrangement of the mooring system
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Tab.3 Experimental conditions of TLMCD with floating

0.70 m

T Tls TIT, Mting /K R.(%) h/m
F1 1.36 0.7
F2 1.56 0.8
F3 1.75 0.9
F4 1.95 1.0 4.661 2.0 0.025, 0.038
F5 2.14 1.1
F6 2.34 1.2
F7 2.53 1.3
8 1.36 0.7
F9 1.56 0.8
F10 1.75 0.9
F11 1.95 1.0 4.756 JETLMCD  0.025, 0.038
F12 2.14 1.1
F13 2.34 1.2

F14 2.53 1.3
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Fig.7 Calculation domain arrangement of floating foundation and TLMCD
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Fig.8 Schematic diagram of local mesh refinement
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Fig.9 Comparison of pitching motions of the floating foundation
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Fig.10 Comparison of pitch time histories of the floating foundation with and without TLMCD
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Fig.11 Control performance of TLMCD on maximum pitch peak—valley variance of the

floating foundation under different wave heights
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Fig.12 Screenshots of motion response of the coupled system when 7/7,=0.8
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Fig.13 Screenshots of motion response of the coupled system when 7/7,=1.0
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Fig.14 Screenshots of motion response of the coupled system when 7/T=1.2
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