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Experimental study on the combination of split heave point
absorption wave energy converters and
TLP type floating turbine

ZHANG Hui-dong, XU Cong, SHI Hong—da
(Ocean University of China, Qingdao 266100, China)

Abstract: Effective use of numerous wave energy resources in the ocean remains a problem to be solved.
Due to the wave conditions for low periodic and small wave height in the South China Sea, a model combining
a split heave point absorber with a tension leg platform (TLP) was proposed. Through a physical model test,
the hydrodynamic characteristics and wave energy capture efficiency of the split float were measured and ana-
lyzed, then compared with the whole float. And the optimal wave energy capture of the split float was dis-
cussed. The results show that the split float presents different hydrodynamic characteristics, and the energy
capture efficiency of the device for small periodic waves is greatly improved in the low sea state, but the pitch
motion of the platform is significantly increased in the specific wave direction, which requires further optimi-
zation of the tension leg system.
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Fig.1 Design of the test model
%1 NREL 5MW K15 %
Tab.1 Parameters of NREL 5SMW wind turbine

WIS J Y FET WIS J Y R
AFe Bz /m 126 2.52 B F R /kg 240 000 1.92
IR m 90 1.8 BT kg 347 000 2.776
A JER/kg 110 000 0.88 ST kg 697 000 5.576

1L.12FH
ST A1 XM LT B 5K F7 RS- 45, ) B &5 G A0 DG BT A R M AR SCER ST 5 MW RUBL
B 5 5 F 2T T AR ALt B 65 CULIEL 1)) 5948 B AT 43 2k DU AN 43« T 58 AR s @k
©@FHRDBHJE M, 535 5 1(b) i G5 XTI, 25 44 14 RS 280 3k 2 s .
xk2 FESH

Tab.2 Platform parameters

WitSH J A HR T WitS4 o (Rl

T HAR/m 35 0.7 Wz 7K /m 25 0.5
T fAT R /m 7 0.14 R m 4x3x15 0.08%0.06x0.3

HC A AR /m 6 0.12 MENER TN 15%10 0.3%x0.2
JEHE 1 fm 18 0.36 HEAR A m? 6,324 5.06x107
FHEA/m 1 0.2 S kg 2.525%10° 20.2
A /m 40 0.8

.13 7% F

WAL 2 7, 23 BeE 50 34N B0 5 o 120° 08 Bt FE 1, I L AT LAGH o TH R R 0 A e i 4
— AR, [F) 26 TF AR SC Y X By, BRI SRR 3
R3 FTRESY

Tab.3 Float parameters

WS4 J A Y

HMg/m 20 0.4

A% /m 8 0.16

| [ 8 /m 10 0.20

(a) MEGHIRY (b) SEHimy 77K /m 5 0.10
&2 Jrdei5 it /kg 3%261 263 3x2.421

Fig.2 Design of the float Ay Hea] B /em 40 0.8
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Tab.4 Damping parameters of air damper

T A 1 R 2%
G FO F1 F2 F3 '
D/(N-s*m?) 0 0.722 1.978 2.621 i | o
1.1.5 350Kt AR B & RN RS %H\  ;
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A TR 2 60 mx3 m, LS KR 1 m, AR Ry WK 4, 53 K3 PTO &%
TN 2 T RN T AR U8 R (SO T S D v A R il Fig.3 Model of PTO system
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Fig.4 Top view of the layout of the wave tank
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Fig.5 Schematic diagram of platform mooring system
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Tab.5 Parameters of regular and irregular waves

FH U] ASFRLI
% JEWAT/s i Him %' SR T s A GG H /m
LC1 0.7 0.02 ILC1 0.9 0.04
LC2 0.8 0.025 IL.C2 1.1 0.04
LC3 0.9 0.035 1L.C3 1.3 0.04
LC4 1.0 0.04 ILC4 1.5 0.04
LC5 1.1 0.05 ILC5 1.7 0.04
LC6 1.2 0.06 ILC6 1.3 0.05
L.C7 1.3 0.07 1LC7 1.3 0.06
LC8 1.4 0.08 ILC8 1.3 0.07
LCY 15 0.08
LC10 1.6 0.08
LC11 1.7 0.08
LC12 1.8 0.08
Fzo6 MiXITR
Tab.6 Test cases

' TETR WIR Iy 0] PTOBHJE /1

DOS 0° FO.F1.F2.F3

D458 45° FO.F1.F2.F3

D90S Syt 90° FO.F1.F2.F3

D135S 135° FO.F1.F2.F3

D180S 180° FO.F1.F2.F3

DOW R 0° FO.F1.F2.F3
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Torbun FE 5 IR E W 1.08 s(F 6(a) )i/ 0.82 s (1 6(b) ) . &4 Fb [ R 1 i a] 0, 43 B 1
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Fig.6 Free decay curve of heave motion
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Fig.7 RAO of heave motion of the float
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Fig.8 Energy capture ratio of split float (DOS) under different PTO damping forces
and comparison with the performance of the whole float (DOW)
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Tab.7 Maximum energy capture ratio under different incident wave directions(%)

B2 ) TR i
DOS D45S D90S D135S D180S
F1 18.90 17.27 20.62 17.57 17.93
F2 22.24 16.54 21.12 15.57 18.13
F3 17.19 14.64 15.04 15.27 16.62

2.2.3 -5z s Ry

EI9FE 10 J&/R 1P BTEAFIZAE T 05 MR 1Yz sl 1, AR UG, B 2 D5 TR 00l JR1 49 1) 1
KB Y7 AR 0 e Ly e 25 i R . F I 9 i — ﬁT%&%ﬁ%{%?TKIEJPTOBE}EjL\#?
PEICRE T, BRAS M LA, KA 0T I AN 23 1o 25 2028 & 05 AR Y e 02 i, B PTO FH
Je T RN G 7K B I PERE Y U IR K
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Fig.9 RAO of surge and pitch motions of platform under different damping forces
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Fig.10 RAO of surge and pitch motions of platform under different incident wave directions
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Fig.11 Statistics of heave motion of the float
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Tab.8 Statistics of energy capture of split float under different damping forces (Unit: X107 W)
ILC1 ILC2 ILC3 ILC4 ILC5 ILC6 1LC7 1ILC8
F1 7.093 16.083 22.149 17.320 13.787 24.161 28.956 38.021
Max F2 8.786 19.723 26.933 20.549 19.276 28.547 32.583 39.652
F3 8.472 15.519 20.624 19.548 19.284 25.389 32.056 38.787
F1 0.756 1.010 1.557 1.616 1.473 1.591 2.019 2.496
Mean F2 0.944 1.085 1.688 1.909 2.169 2.435 3.706 4.012
F3 0.823 1.031 1.587 1.843 1.851 1.652 2.341 3.161
F1 0.726 1.670 1.971 2.269 1.897 2.430 4.303 4.481
Std K2 1.125 2.046 3.197 3.788 3.595 3.304 4.748 4.950
F3 0.756 2.005 2.513 2.777 3.439 2.803 4.673 4.588
R9 AEKIRT M BEFIRBESITE (B AL x107W)
Tab.9 Statistics of energy capture of split float under different wave directions (Unit: x107 W)
1ILC1 ILC2 ILC3 ILC4 1LC5 1LC6 1ILC7 ILC8
DOS 8.786 19.723 26.933 25.549 19.276 28.547 32.583 39.652
D45S 7.617 17.859 25.104 26.205 20.771 28.163 33.620 39.013
D90S 8.560 17.181 24.908 26.489 18.752 27.132 31.986 36.625
o D135S 8.326 16.400 24.197 27.494 18.279 26.465 31.281 35.467
D180S 7.085 17.243 22.171 26.613 17.318 27.399 31.425 37.473
DOW 7.042 16.279 22.837 27.731 19.263 25.884 30.792 36.066
DOS 0.944 1.085 1.688 1.909 2.169 2.435 3.706 4.012
D45S 0.861 1.006 1.574 1.832 1.402 2.159 3.448 3.865
D90S 0.886 1.130 1.673 1.961 1.917 2.192 3.202 3.720
Mean o hi3ss 0823 1076 146 1864 1851 2115 3087 3.604
D180S 0.729 1.047 1.423 1.750 1.624 2.067 3.082 3.796
DOW 0.625 0.922 1.053 1.740 1.833 1.615 2.594 3.072
DOS 1.125 2.046 3.197 3.788 3.595 3.304 4.748 4.950
D45S 0.823 2.044 2.524 3.954 3.040 3.077 4.122 4.434
Sid D90S 0.905 2.024 2.108 3.301 3.039 2.725 3.778 4.167
D135S 0.770 1.339 2.247 3.799 3.252 2.350 2.638 3.026
D180S 0.728 1.487 1.770 2.589 2.205 2.419 2.871 3.128
DOW 0.603 1.454 1.985 2.749 2.546 2.343 2.453 2.875

2.3.3 -H 183 N

PLDOS J ], FE 12(a) ~(b) 781 T inAS 6] PTO FHJE 71 J5 % F &1z 8l = A 1)
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Fig.12 Influence of PTO damping force and wave direction on platform motion
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