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Table 1  List of model test cases

TH KFEm  BRPES BEEkg  EAKEREm  FEROKIRWD)  SALES/mm B AR5 @R

1 0.915 K 50 0.396 2.38 45 0.014  AH: 0.9~1.7
2 0910 K 50 0.396 2.39 38 0.010  AHES 1.2~1.4
30910 K 50 0.396 2.39 45 0.014  BH:M 0.9~1.7
4 0.910 K 50 0.396 — 45 0.014 WAL 1.3
5 0910 fi it 50 — — 45 0.014 P HEfT 13

6 0910 fi it 50 — — 45 0.014 I HGEAT 1.3

7 0.910 K- 50 0.396 — 45 0.014 HAEG 13

8  0.905 K 50 0.396 2.50 45 0.014  CH:f 1.3

9 0905 K- 50 0.396 3.10 45 0.014  CH:f 1.3
10 0.905 K- 50 0.396 1.86 45 0.014  CH:f 1.3
11 0905 K 50 0.396 1.50 45 0.014  CH:& 13
12 0905 K 50 0.396 1.64 45 0014  CHS 1.1~1.5
13 0.905 IKF- 60 0.418 1.64 45 0.014  CH:& 1.1~1.5
14 0.905 K- 70 0.440 1.64 45 0.014  CH 1.1~1.5
15 0.905 K- 40 0.374 1.64 45 0.014  CH:f 1.1~1.5
16 0.905 K 30 0.350 1.64 45 0.014  CH:f 1.1~1.5
17 0.905 K 35 0.361 1.64 45 0.014  CH:f 1.1~1.5
18 0.900 it 50 — 1.64 45 0014  CHA 1.3
19  0.900 A 50 — 1.64 45 0.014  CH:& 13
20 0.900 K- 30 0.350 1.64 45 0.014  CH:fH 0.9~2.0
21 0.900 K- 30 0.350 1.64 64 0.028  CH 1.1~1.3
22 0905 K- 30 0.350 1.64 45 0.014  AHEM 1.1~1.5
23 0.905 K- 30 0.350 — 45 0014 HMIEH  09~17

H:AB.CIESILA 1, K i " I3 "
. KRAEA DT 2% i FH 1 e HLTE RO 30k, 16 il TR

3 IRRIBAR O
EZ 0.1 m, B IR 0.8~2.0 s Z[H], SCH F
SIS K R AR B 2R 0.9 m, 7 3L 52 A 1) BEE 23 Fh T 00475 L 3256, A0 45 29 o1 7 2K L s g
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Fig. 3 Time history of water level, pressure difference and

instantaneous pneumatic power in air chamber
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Fig. 4 CWR of BBDB with different anchor point
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Table 2 Optimum response performance of three cases of different anchor point

T A H/m Tls PJW P/W QuX10°/m’+s™! Ap,,/Pa CWRI%
1 A 0.1013 1.290 7.109 6.851 19.73 282.9 96.37
3 B 0.1025 1.285 7.245 5.940 19.03 248.6 81.99
8 C 0.1025 1.285 7.260 6.730 19.86 272.7 92.70
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Table 3 Optimum response performance of different anchoring state
TH FFPIR S H/m T/s PJW Pa/W Q.x10/m*-s"  Ap,/Pa CWRI%
4 IR A 0.1016 1.290 7.157 3.580 16.31 185.4 50.02
5 P AT D B AT 0.1034 1.290 7.421 3.724 20.55 187.1 50.18
6 Ll mi 0.1022 1.285 7.209 0.783 9.06 84.4 10.86
7 H i 0.1018 1.285 7.146 5.583 18.90 238.0 78.13
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Fig. 5 CWR of BBDB in different anchoring state 120r 3o —0—¢=0.014
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Fig. 6 CWR of BBDB with 2 groups of different nozzle area ratios
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Table 4  Optimum response performance of 4 cases

T M F kg e H/m T/s PJW PJW Q. x10Ym’-s"  Ap,./Pa CWRI%
1 50 0.014 0.1013 1.290 7.109 6.851 19.73 282.9 96.37
2 50 0.010 0.1015 1.285 7.104 6.395 17.18 306.4 90.02
20 30 0.014 0.1019 1.195 6.494 7.617 20.80 280.8 117.29
21 30 0.028 0.1057 1.205 7.065 4.671 29.80 145.5 66.11

oA 1.50.1.64.1.86.2.50 F1 3.10 = 5 Fp T dk47
S I S A A A A ST A2 R 1.3 s AP 45 T00
T CWR, 5 Fp T84T S fEm i 8 HERe R 5

frR, HEDERIBWE 7 frrs .
x5 AEUIEIIRT BBDBEEEEN S A 1EBE

Table 5 Optimum response performance of

BBDB with different //d
28 L
9 8 10 12 11

id 3.10 2.50 1.86 1.64 1.50
H/mm 101.9 1025 1023 1027 1029
Tls 1.285 1.285 1.285 1.285 1.285
P.J/W 7.174 7260 7.240  7.298  7.320
P./W 6.499  6.730 6918 7.055 7.099
Q.x10/m’-s"  19.58  19.86  20.07 20.69 20.41
Ap,./Pa 270.6 2727 2782 2759 2814
CWR/% 90.59 92770 9555 96.67 96.98

7 AT, MK S KR L TE 1.50~1.86
B, BRI CWR 3K, YA 2R 95% , ¥ KA B
BB 5K FLAE 2.5 B 3.1 B, CWR W& I,

(ELZ AR T 25 PR A9 8 BT ARG, P ot 7

I T, 2 A P R ORI AT 45 B 5 18
100
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D\\° : ¢ L4 °
S oot . :
§ [ ] [ ]
85T
o]
i‘% 80:!
B 4r
2 -
43 16 2.0 24 28 32
R 5K

E7  AREEHSKEL T M CWR
Fig. 7 CWR of BBDB with different l/d
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WFFE ARz K BRBE X CWR BIF I . ourT/R 12~
T 17 3% 6 PPz KB B  WE5E 5 25 48 A S5 A 0 i
P WL T () CWR . 6 A [l Wz 7K IR JE (B TR
I, SEEG A5 R AN 8 TR, e A e R Y M AR
6 K.
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Table 6 Optimum response performance of 6 cases of different draft

T Bfike  WZKEE/m H/m T/s PJW P.JW Q. x107m’-s"  Ap,/Pa CWRI%
16 30 0.350 0.1013 1.200 6.457 7.690 20.92 286.7 119.10
17 35 0.361 0.1007 1.245 6.695 7.845 20.27 287.6 117.18
15 40 0.374 0.1037 1.280 7.391 7.774 20.21 294.9 105.18
12 50 0.396 0.1027 1.285 7.298 7.055 20.69 275.9 96.67
13 60 0.418 0.1045 1.385 8.383 6.667 20.65 2727 79.53
14 70 0.440 0.1055 1.390 8.593 5.750 19.66 248.1 66.91

R 9 S 06 235 TR AT 0, 7 5 254 R A 30 kg
Wz K % B N 0350 m W, HF & & CWR N
119.10% , Bfi 25 J& 25 45 20 00 5 9 3400, vz 7K R i 43

LIRS R CWR IR TS, hTREMN
FE A R 55 SR IR R IE L BEE
S A A R 3 o, AR e 1 35 R AR K
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Fig. 8 Impact of total mass on CWR
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Table 7 Optimum response performance of

3 cases of different floating-state
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Biff/ ()
K9 JEaHE 3REA MY CWR
Fig. 9 CWR of BBDB in 3 floating-state
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K10 ffs . AR CWR e {HiA 3] 121.34%, CWR
KT 60% 1) Ji 98 B i 2k 0.3 s, 4% AR e 7]
I, AN SRARE AL R 20 f5 BT HRERL, AEHL 240 t(fL 7
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NS R B L L 0R  509% (H i E
B b DA B 26 1) rL 1) 238 1) A 46 33 3 S i 4 )
HE T 60% ) FEHL AT 4 LD R 140.5 kW, 4

R I Wi
& 12 18 19 HE 1 AT W o
A KT i TR BT B0 22, Wi T, R RLAE T F il TR
Him 0.1027 0.1012 0.1026 WA LVER TH 23, X Lo 23 J-F7— Rk fE
T/s 1.285 1.290 1.285 SCHG A5 B2k A E 10, H s A Ry Y v g an
PJW 7.298 7.117 7.290 8 . WARBIAITETCANEE 2 N H IE D , B
Pi/W 7.055 6.750 7.041 HAWER CWR, B KAE N 94.73% , Fe A )iy J&] 1)
Qux107m’-s™ 20.69 19.36 20.59 PR 1.1 s, BT 22 S5 AR e By ) B ) AR RS . A
Ap,/Pa 2759 2724 269.6 RUTE B IRASAF RN BRI CWR, e B AETRIE L
CWR/% 96.67 94.84 96.58 A TE o T T R T O T S
R8 BESH IR THEESEMNSAERE
Table 8  Optimum response performance of BBDB with better parameters
T A5 H/m T/s PJW P.JW 0.X10°/m*+s™! Ap,./Pa CWRI%
22 HiAA 0.1013 1.205 6.484 7.868 23.65 266.5 121.34
23 H 5 0.1076 1.115 6.620 6.271 19.21 247.7 94.73
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EXPERIMENTAL STUDY ON PERFORMANCE OF PENTAGONAL
BACKWARD BENT DUCT BUOY WITH BUOYANCY TANK SQUARE IN
FRONT AND TRIANGULAR IN BACK IN 2D WAVE TANK

Li Meng'?, Wu Bijun', Wu Rukang'?, Chen Tianxiang'’

(1. Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Key Laboratory of Renewable Energy, Chinese Academy of
Sciences, Guangdong Provincial Key Laboratory of New and Renewable Energy Research and Development , Guangzhou 510640, China;
2. University of Chinese Academy of Sciences , Beijing 100049, China)

Abstract: For improving the energy conversion efficiency of Backward Bent Duct Buoy (BBDB) wave energy
utilization, a pentagonal BBDB model with the buoyancy tank square in front and triangular in back is developed based
on the new ideas and the experiment experience and the BBDB is tested on the primary energy conversion in the wave
flume (2D). 23 test cases for five influence factors including the restraint way, the nozzle area ratio, the anchor chain
length, the draft and the floating-state of model are carried out for comparison. The incident wave height, wave period,
the elevation of internal water surface and the air pressure in the air chamber were measured in the tests. From the
results, the maximum Capture Width Ratio (CWR) of the new model is 121.34% , which is far superior to the maximum
CWR of the one with the buoyancy tank square in front and half cylinder in back 79.1% in the historical document under
the same test condition. In addition, it has a wide responsive wave period, which creates the condition for a high-
efficiency conversion under the condition of irregular waves. When the BBDB is drifting freely along the direction of wave
propagation, the maximum CWR is 94.73%. If the BBDB is combined with the high-efficiency air turbine and generator,
it provides the possibility for efficient and low cost utilization of wave energy.

Keywords: wave energy; model test; pneumatic power; capture width ratio (CWR) ; oscillating water column(OWC) ;
backward bent duct buoy(BBDB)



