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An experimental study on energy conversion of the modified centre pipe

buoy and the design of prototypes
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Abstract: In order to improve the energy conversion efficiency of the centre pipe energy conversion technology three models with
different bottom shapes based on the new understanding and the current 2.4 m wave power navigation light were designed for
experimental study in the wave tank. The experimental results are presented. For the straight pipe buoy the maximum capture width
ratio ( CWR) is 70.25% but presents narrow bandwidth. The CWR of the lengthen-horn center pipe buoy is slightly better than that of
the horn center pipe buoy. Under the condition of the nozzle ratio 0.02 the CWR of the lengthen-horn center pipe body presents higher
double peaks 40.0% at peak and 31.6% at trough. The curve of the CWR is relatively flat. The higher double-peak CWR of the
lengthen-horn center pipe buoy will create conditions for high efficient conversion under random waves. The peak CWR and the
bandwidth of those data are superior to that of the historical documents. Based on the experimental results some prototypes for power
supplies for oceanographic instruments have been presented. The prototypes are more cost-effective.
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Fig. 1 Diagram of the experiment device Fig. 2 Photo of model C in the wave tank
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Fig. 3 Sketch of three models and the photo
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Tab. 1 Test cases
/kg /mm /m /m /m
1 A 26.3 14 0.79 0.910 |2
2 A 26.3 14 0.79 0.910
3 A 31.3 14 0.81 0.925
4 A 21.3 14 0.77 0.910
1.785
5 B 23.4 14 0.77 0.910
6 B 31.4 14 0.81 0.920
7 C 23.6 14 0.82 0.920
8 C 23.6 20 0.82 0.915
3
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Fig. 4 Wave height caused by the 20 mm travel and the CWR of A model
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Fig. 6 Incident wave height and the corresponding CWR of A model when deep draft
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Fig. 7 Incident wave height and the corresponding CWR of A model when shallow draft
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Fig. 8 Incident wave height and the corresponding CWR of B model when shallow draft
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Fig. 9 Incident wave height and the corresponding CWR of B model when deep draft
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Fig. 10 Incident wave height and the corresponding CWR of C model when the nozzle ratio is 0.01
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Fig. 11

Incident wave height and the corresponding CWR of C model when the nozzle ratio is 0.02
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Tab. 2 Optimum response performance of each cases

H,/m T/s Py /W Cu AP, /Pa P, IW H,/m Hi/H, n/( %)
(10°m" +s™)
1 A 0.079 1.00 2.98 2.794 275.4 1.489 0.080 4 1.020 49.97
2 A 0.093 1.00 4.17 3.414 550.1 2.243 0.110 9 1.190 53.79
3 A 0.057 1.00 1.57 3.309 308.7 1.103 0.092 4 1.615 70.25
4 A 0.079 0.90 2.66 2.476 309.2 1.011 0.075 6 0.963 38.01
5 B 0.113 1.10 6.68 3.621 508.7 2.073 0.120 7 1.073 31.03
6 B 0.073 1.20 3.04 2.523 291.6 0.957 0.097 5 1.341 31.48
7 C 0.112 1.10 6.67 3.080 555.9 2.062 0.114 3 1.017 30.91
8 C 0.099 1.30 6.03 5.393 359.1 2.421 0.232'5 2.356 40.15
4
12 3 o
3 12

Tab. 3 Features of the new wave power floating buoy and compared with that of the buoy designed in the literature 12

1 1 2 3 4
6 4:1) ( 6 5:1) ( 11 4:1) ( 11 5:1)
/m 2.4 1.92 2.4 1.92 2.4
/m 0.7 0.56 0.7 0.56 0.7
/m 3.61 3.24 4.05 3.28 4.1
kg 4 000 2 003 3912 1510 2 950
/m 0.25 0.23 0.29 0.4 (0.25) 0.5 (0.25)
2.4( 2.68(
2.0( 2.24(
/s 2.7 ) )
) )
W 405 203 452 737 (288) 1 608 ( 402)
A\ 59 142 317 233 (91) 508 (127)
12 2.4 m 0.7 m 4 000 kg
2.7 s+ 0.25 m 405 W 59 W, A 6
4 1 1 1.92 m 0.56 m
2 003 kg 2.0 s+ 0.23 m 203 W 70.25%
142 W 50W"7? 24 6 5
2 3 . 11 4
3 3 1.92 m 0.56 m 1510 kg 2.4 s
0.4 m 737 W 31.6% 233 W 24 s
0.25 m 91 W 5OW % 154
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40% 36.4 W 31.6%
2.04~2.72 s . 5 4
3. 4 ( 025m. 275
12 2.15 1 000 kg 0.5 m 4
508 W 12 8.6 .
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HEATH T V. A review of oscillating water columns J . Philos Trans R Soc A-Math Phys Eng Sei 2012 370( 1959) : 235-245.

2 . J . 1984 2 (4): 59-62.( WU Zaohua XIA
Hongfeng DAI Limin. Floating body shape influence on the properties of wave energy conversion J . The Ocean Engineering
1984 2(4):59-62. (in Chinese) )
MCCORMICK M E. Analysis of a wave energy conversion buoy J . Journal of Hydronautics 1974 8(3): 77-82.

4  WHITTAKER T J] T MCPEAKE F A. Design optimization of axi-symmetric tail tube buoys M //Hydrodynamics of Ocean
Wave—Energy Utilization. 1985: 103-111.

5 HONGD C HONG SY HONG S W. Numerical study of the motions and drift force of a floating OWC device J . Ocean
Engineering 2004 31(2): 139-164.

6 ALVES M A COSTA I R SARMENTO A J N A et al. Performance evaluation of an axysimmetric floating OWC C //
Proceeding of the 20th International Offshore and Polar Engineering Conference. 2010: 856-862.

7 GOMES R P F HENRIQUES J C C GATO L M C et al. Hydrodynamic optimization of an axisymmetric floating oscillating

water column for wave energy conversion J . Renewable Energy 2012 44: 328-339.

8 . J . 1982 11(4): 3137.( WU Xiongjian MI Zhenxing et
al. Experimental study of the floating wave power body J . New Energy 1982 11(4):21-37. (in Chinese) )
9 . J . 1983( 4) : 47-49. ( CAI Guomin. Wave power device for navigation light

J . Port & Waterway Engineering 1983( 4) : 47-49. (in Chinese) )

10 WHITTAKER T J MCLLHAGGER D S BARR A G. Wells turbines for navigation buoys M //Energy for Rural and Island
Communities. 1984: 289-297.

11 . J. 1987 5(4): 8490. (HE
Mingkai CHEN Jiajing CAI Lihua et al. Experimental study on the optimal parameters of the large wave power navigating
buoy J . The Ocean Engineering 1987 5( 4):84-90. (in Chinese) )

12 . I 1994 12( 1) : 104-110. ( HUANG
Guoliang FENG Bojun LIU Tianwei et al. An experimental study for improving the performance of a wave energy conversion
buoy J . The Ocean Engineering 1994 12( 1) : 104-110. ( in Chinese) )

13 . I 1997 15(3): 78-87. ( LIANG
Xianguang WANG Wei DU Bin et al. Experimental research on performance of BBDB wave-activated generation device model

J . The Ocean Engineering 1997 15(3) : 78-87. ( in Chinese) )



