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ABSTRACT

Experimental results are given for the vertical motion of water in the water chambers for wave energy converter aligned

along the wave propagation direction in order to avoid the impulsive wave forces. This paper mainly focuses on the property

of the amplitude of the vertical motion of the water surface in the chambers. The amplification has been investigated by

dimensionless parameters of wave period to resonance period ratio of the U-shaped oscillation, 777, chamber size to wave

length ratio, 1/Z, water depth to wave length ratio, h/Z, amplitude of up-down motion of water particles to draft of the front

wall ratio, ¢/D. It has been shown that I/Z should be less than 0.1 and as 7] 7] approaches unity the up-down of the water

in the chambers is amplified. Also, the structure of the walls which form th water chambers has been examined roughly. It

is deduced that the chambers set on both sides of the hull of a single-point moored floating vessel is preferable to those set

along a fixed structure such as breakwaters.
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Fig. 1 Mimic diagram of float-counterweight wave energy converter
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Fig. 4 The utilization of wall wave
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Table 2 Experimental condition
(Height 50cm from the bottom of chamber)

Wave Flame Exp Eriment Wave Flame Exp Eriment
| (m) (s) (m) (m) (m) (s) (m | (m) | (m) (s) (m) (m) (m) (s) (m | (m)
1 | 045 ] 005 1 0039 | 1492 | 19] 05 | 01 1 0.079 | 1.513 37 | 055 | 0.05 1 0043 1 1528 | 55| 06 | 0.1 1 0.078 | 1.538
21045005 2 [0039 ]384 20| 05 | 01] 2 [0082 |40% 38055005 2 0038|4215 56| 06 | 01| 2 |0078 ] 4362
31045005 3 00396091 21|05 |01] 3 [0078]63% 39[05 (005 3 0039|6682 57|06 |01] 3 [0081]6952
41045005 1 [0061 1492 22|05 | 01] 1 [0096 | 1513 4005006 1 0058|1528 58] 06 [ 01] 1 [0098] 1538
5 1045 | 0.05 2 0059 | 3834 | 23] 05 | 01 2 0.104 | 4.056 41 |1 055 | 0.05 2 0059 | 4215 | 59| 06 | 01 2 0.102 | 4.362
6 [045]005] 3 006 [ 6091 | 24| 05 | 01] 3 |0097 | 639% 421050065 ] 3 006 [ 6682 60| 06 | 01] 3 |0101 | 6952
71045005 1 [0078]1492| 25]055[015] 1 |[0037 | 1528 43105005 1 0032 ]1528] 61065 [015] 1 [0036]| 1546
8 1045005 2 [0077 | 384 | 26055 |015] 2 |[0038|4215 4105 [006] 2 008 | 4215 | 62 | 065 [015] 2 |0039 | 4498
9 | 045 | 0.05 3 0078 | 6.091 | 27 | 055 | 0.15] 3 0.036 | 6.682 451 055 | 0.05 3 0077 | 6682 | 63| 065 | 015] 3 0.04 | 7.207
100451005 1 0098 ] 1492 | 28|05 |[015] 1 |0057 | 1528 461055005 1 0098|1528 64065015 1 [0059 | 1.546
11 0451005 2 |0099 384 | 2905|015 2 |00 |4215 47105 [ 005 2 009 | 4215 65065 [015] 2 | 0058 | 4498
12 1045 [ 005 3 |0099 | 6091 | 3005|015 3 | 0057 | 6632 481050065 3 0102|6682 66065015 3 |0053] 7207
13| 05 | 01 1 004 | 1513 31 | 055 | 015 1 0.075 | 1.528 491 06 | 01 1 004 | 1538 | 67 | 065|015 1 0.077 | 1.546
141 05 | 01 2 10038 ]4056 | 32|05 [015] 2 |0077 | 4215 50| 06 | 01 2 10039 | 4362 | 68065015 2 |0079 | 4498
15] 05 | 01 3 10037 63% | 33|05 [015] 3 [0079 | 6682 51| 06 | 01 3 0038|6952 69065015 3 |0078] 7207
16 | 00 | 01 1 0057 | 1513 34|05 |015] 1 0099|1528 5] 06 [ 01 1 006 | 1538 | 70 | 065 [015] 1 |0098 ]| 1546
171 05 | 01 2 0061 | 4056 | 35| 05 | 015] 2 0.0% | 4.215 53] 06 | 01 2 0061 | 4362 | 71 | 065 | 0.15] 2 0.101 | 4.498
181 05 | 01 3 10057 163% | 36|05 [015] 3 [0097 | 6682 51| 06 | 01 3 006 | 6952 | 721065 [015] 3 |0.098] 7207
SIERADIASE =28 H17H, M2g, 2014 43



mp O

Kesayoshi Hadano *

®

@ 0 @

No.1No.2 No.3No.4No.5 No.6

®

Fig. 5 Location of wave height gauges

4,100

480

//
//2,700 [ 283

1/

[=>
==y

31

6

Fig. 6 Chamber in water tank and location of wave height

gauges

oA71A, pi= Bo| W, D
o] Sre) T, o,
cheat 2ol ek,

E rf

I
T

44

)

2 - ojyy - 2

=
S

= IXw

Fig. 7 Up and down motion
of water surface in chamber

2 9
w= ]:—\/; 3)

oI, wi A, 1% MAFTIolh A@)E Helshy,

T =27r“£ 4)
g

o7le A, F718( 7/ 1) FZ-E&2 Wﬂﬂa Zh =24
ZA No.1, No.3, No.5)Z eIt a)~c)= $=Z
No.1, d)~f)= $=ZA No.3, g)~i)= —’,\—Z{\J\E] No b& =
gk Axtolct, 1 Ay} 1= Fig, 8of YT &, 71=
Oﬂ z71Hl(T/T) N2&e] FEFE&S Uetilod, W=
Al Z - o/ 0= YERcH

Xjﬂﬂﬂ Az HH, F787E 1] 7R s v S

3 Qe Aol Wk, A W R K, 7t
=4 9159 24 No.1 a)~c)olA= 1/2=0.039] 75
F71817F 19 7R = T SEEol AAE & 4+ 9
)] 2AolA= 71817} 1of] 77HIA] = Aol wet 5
§-2 7rAstal 9ot 1/2=0,059] 9= F7]8]7F 19 7}
7AW F5EE AR vk 19 =24 No.3
d)~D)ollAl= 1/£=0.039] 9= F7H|7} Wl 53&
< ®slehA] greth fH 2= 7187k 19 77k
2= Ao weh 22 Q.0 7hasty 9tk 1/2=0.059] ALE
$24] No, 13t 7*01 F7187F 10 7ARIA = v SEEE
AR T QA =ZA] No. 17} B|ws] AR|= v]Lo] At
71 %Z—fl olgfj&e] 4224 No.5 g)~i)25E 1/1=0,032]
4= 724 No 33 Zo] 7|87} Wl F5&2 ¥
slstar QA ARt SE-& AAl= 4224 No 3Kt g
o At} 1/1=0,05¢Y 79+= %4 No.1, No, 3%} Zo]
71817} 10 7R = vHE SEEE AR T Qlo] 1 ‘?"15_
&5 24 No.3stal gt Aot 1)) et v/

=0.05¢ wf 7|87k 3,24 we] FEEo] 7MY 2 &42&
LFERSIT

oo RRE, F/ut 10 AL W ik 2

ol > ‘{)‘

4> Ao
o
flo
o
N
k

_IH:I Lo o I

E

i‘l —lN olx‘

S=ERADIASE =28 M7, M2, 2014



= SHEO) AMAM, /L7 22 F=
A= SEE2
1o 7=

a) Height

b) Height

¢) Height

d) Height 40cm from the bottom of chamber, chamber No.3

e) Height 45cm from the bottom of chamber, chamber No.3

5=

13

[
+ 0

>0

s
w
©

Rate of Amplification
5 R
*¢

°
B3

°
&

‘ *1/1=0.03
01/1=0.05

1.0 20 3.0 40 5.0 6.0 7.0 8.0 9.0
Rate of Wave Period(T/Tr)

°
=

40cm from the bottom of chamber, chamber No.1

13

&

S
o
L ad

s
@

B3
@C

Rate of Amplification

°
®

°
Y

©1/1=0.03
©1/1=0.05

10 20 3.0 40 5.0 6.0 7.0 8.0 9.0
Rate of Wave Period(T/Tr)

°
=

45cm from the bottom of chamber, chamber No.1

= F7M7E o] 7k e

waksh) gk e Atttk ®, F7)u7t
Uk FEgo| AN, At FoelA

Rate of Amplification
& 58 K 5 & &

°
&

°
=

°le

$

*1/1=0.03
©1/1=005

10

20

30

a0

50

60

70

2.0

FHOIAEE

Rate of Wave Period(T/Tr)

50cm from the bottom of chamber, chamber No.1

13

&

IS

5
©
*

5

Rate of Amplification

°
B3
«

‘ +1/1=003
©1/1=0.05

°
B

°
=

10 20 30 40 50 60 70 80 90
Rate of Wave Period(T/Tr)

18

16

IS
GO

5 R
R ad

@0

Rate of Amplification

°
3

*1/1=0.03

01/1=0.05

°
&

°
=

10 20 30 40 50 60 70 80 90
Rate of Wave Period(T/Tr)

==& M172, H2g, 2014

O Z2HE9] =0] 50cm¥ EH.—] 1/L=0, 05-—] A

Rate of Amplification
5 K

°
%

°

04

S 2 % 9k

oM zpol7t = A=

D

4

1/1=003
01/1=0.05

10

20

30

a0

5.0

60

Rate of Wave Period(T/Tr)

70

80

%0

f) Height 50cm from the bottom of chamber, chamber No.3

g) Height

h) Height

i) Height 50cm from the bottom of chamber, chamber No.5

Rate of Amplification
g 5 5 %

°

°
=

10

20

30

40

5.0

60

70

80

I em=003
©1/L=0.05

9.0

Rate of Wave Period(T/Tr)

40cm from the bottom of chamber, chamber No.5

1S
@o

Rate of Amplification
A

°
&

°

04

ad

1/1=0.03

0l/1=0.05

|

10

20

30

40

5.0

60

Rate of Wave Period(T/Tr)

70

80

9.0

45cm from the bottom of chamber, chamber No.5

Rate of Amplification
g 5 5 &

°

°
=

O
(=]
O
8 s
3 b4
L2 * |
*1/1=0.03
Il ©01/L=0.05
Rate of Wave Period(T/Tr)

Fig. 8 Relation between the rate of wave period(7/7,) and the rate

of amplification (Cal. by: 1/L)

45



Kesayoshi Hadano - 2HY - 0|&H - 2=

18 18
16 ‘} 16
5 [}
:-‘;- 14 514
g §
12 g
3 E12
a =
£ ¥ 4 s g
<10 a8 A4 E
5 ® 210
o 5] ‘
08 @
o AD/h=0.11 Tos |
©D/h=0.20 = AD/h=011
0.6 T H ®D/h=0.20
®D/h=0.27 06 D/h= [l
I #D/h=0.27
04 ‘
0020 0025 0030 0035 0040 0045 0050 0055 0.060 0.065 04

Rate of Width-Wavelength in the Water Chamber(1/L) 0020 0025 0030 0035 0040 0045 0050 0055 0060 0.065
Rate of Width-Wavelength in the Water Chamber(l/L)

@ Height 40cm from the botiom of chamber, chamber No.1 f) Height 50cm from the bottom of chamber, chamber No.3

18
16
514 4 &
B A 18
12 S
£
£ N 16
T e
3 ¢ G1a
o 08 AD/h=011 | | § A
@D/h=0.20 E12
06 @D/h=0.27 || 2 A
[ H 10 8
04 3 o
0020 0025 0030 0035 0040 0045 0050 0055 0.060 0065 2
Bos AD/h=011 | |
Rate of Width-Wavelength in the Water Chamber(l/L) ‘ ° D/h:O:ZO
0.6 ©D/h=0.27 [
b) Height 45cm from the bottom of chamber, chamber No.1 04 [

0020 0025 0030 0035 0040 0045 0050 0055 0060 0.065
Rate of Width:Wavelength in the Water Chamber(l/L)

18
* s g) Height 40cm from the bottom of chamber, chamber No.5
514
5 0
E12 4
r 0
o ¢
Hos AD/h=011 || 18
®D/h=0.20 16
0.6 ¢D/h=0.27 || .
04 ‘ 514 l:.
0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065 E
Rate of Width-Wavelength in the Water Chamber({l/L) 12 ®
£,
¢) Height 50cm from the bottom of chamber, chamber No.1 g R
x %8 $ AD/h=011 | |
@ D/h=0.20
18 08 @D/h=0.27 ||
16 04 ‘
0.020 0.025 0.030 0035 0040 0.045 0.050 0.055 0.060 0.065
G14 Rate of Width-Wavelength in the Water Chamber{l/L)
E 12 ‘k! A
g g £ h) Height 45cm from the bottom of chamber, chamber No.5
Lo
o
g ¢
Zos ‘]7 aD/h=011 | |
@®D/h=0.20
0é #D/h=0.27 [
04 ‘
0.020 0.025 0.030 0.035 0.040 0045 0.050 0.055 0.060 0.065 18
Rate of Width-Wavelength in the Water Chamber(l/L) 16 !
d) Height 40cm from the bottorn of chamber, chamber No.3 3 A
18 12 “ $
E A d
16 L10 Lo
H
514 4 Sos AD/h=0.11 | |
‘EG h @ D/h=0.20
%1 2 A 0.6 #D/h=0.27 ||
-% 10 A e 04 ‘
g . 0.020 0.025 0.030 0035 0040 0.045 0.050 0.055 0.060 0.065
Sos AD/h=011 || Rate of Width-Wavelength in the Water Chamber(l/L)
’ @ D/h=0.20
06 D/h=027 | . .
‘ i) Height 50cm from the bottom of chamber, chamber No.5
0.40.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065
Rate of Width-Wavelength in the Water Chamber(l/L) Fig. 9 Relation between the rate of wave length(i/Z) and the
e) Height 45cm from the bottorn of chamber, chamber No.3 rate of amplification (Cal. by D/h)

S=ERADIASE =28 M7, M2, 2014



42 XM -

S2A Zoagul/n3 FEE0 WAS 4 424
(No.1, No.3, No.5)= YolH ettt 1 Aul= Fig, 99 YEF
Wk a)~c)= $2A No.l, d)~f= $=Z4 No.3, g)~i)

24 No.52 Uehrh, Al 2249 o Wiz 4
Sheho| A B ol= Z2f Uil vk E S 4
= 3|1/ ), AEF $E5eS vehllch HeEle
o] Z5Al/5Au(D/h) = FEAF,

No.1 a)~c)ollAl= 1/L7} AX= Aol et S3&&
AL QlHk 1/2=0.039] A<= D/he] WS} whet

ZZ89] Hslo] Zo] AUt 1/L=045~0.502] B= 1
gu £ AT Qek. E, $2A Sho AR &—om

ol Aol whet 1/£=0.03, D/h=0.102] ZZH A=
Z&ol AAL ok 24 No.3 d)~hH ﬂ%’—L
D/h=0.09~0.113} D/h=017~0.208] A= 1/L7} AHAA|=
Zo| whe} 2Z8-2 ZopA|al QAN D/h=0.23~0.272] 7
S5 FEgo] AN Y. &, $24 No, 102 go] il
We W, 1/2=0038] A= D/ne] W] o7t FEE9]
Halo] Zo 2|0l 1/L=0.045~0.05029] A= BE 20|
of M= D/h=023~0279] 70| FHES T o=
(382 1 ‘E} T, 24 St A RE Fo] 45cm w9
71 WSk F2 AASHA AL Stk 24 No.s g)~1)
O] A= 1/0=0.05Y W, D/h=0.09~0112] ZAA =
F50] F 1.04% oAT, D/h7F AAH FEHE0] —7M
= AFS & 5 Aok 28, DollMe Dh=023~0271Y
o] HZ 20| D/h=017~020% WO ZEZ QR Z2Z G
of WA Ueht= AFol Utk a2 st A RE &l
50cm, D/h=0.232] ZAL BE ZA FoA i $4]0]
o, 974 4 gom, % go| 3710l o3t 971 B 4
7} itk E, %A No. 1, 304 B i/£=0.039] 7
= D/ho] WSle] o3t %»1"91 Hste] Zo Z#Xl‘ﬂ,
I/L=0.052] B9-= 11 ¥ote] Z2 AXIL e}

= b

e D A
™ —l)~ I‘N ﬂlﬁ
S oz
o X mx L

1 HH‘ & N flo

5.8 E
TS =2 Yo £ Bist gigh AgHoa 1
g steon, O ARAT= that go] QoFeh 4= Q)
1) 7187} 10 7R e SEE Ol AR AL, A
o MET; FURE T o] FEEL AXI,
2) 1/L7} 2 A<9-(1/L=0.05), F7]4]7} 101] 717 A= RE
T SEgo] AX= Ao] FRI= T

3) /L7 2 Z$-(1/2=0.03), F718]7} 19 7IHIAE

S=RAIIHEE =28

CHNTE, M2E, 2014

% Zge WMok gk sl Slsigih

242 1/19] 3710l 3 %

3, AL,

T AeEste R FRA9 Tes 5*}?% ez A3

o &= UAR upgA| o] ofs F-A9] AJshesoR
HE sk deE AAE ool

ol AIE o83, AA| sHoNA Y =HE Thetsto]

20 Rt A A Sl 28T Aol

= 7

£ A7 20139 SPIAEAE ATALAIgT
220) ARYH ARIAG 20139 SFAFAA A
AR ARPAIEAA AR - A A 71 A 9]
3 716908 A AUz AEeisUT,

REFERENCES

(1) Agency for Natural Resources and Energy Ministry of
Economy, Trade and Industry: Japan's Energy, 2008.

(2) New Energy and Industrial Technology Development
Organization(NEDO): New Energy Guide Book, 2008.

(3) Butch Watanabe, Condo Suknang: Wave Power in the
21 st century as a clean development [From the
application to the principle], the power company, 2005.

(4) Shimizu Haenghwan ed.: Natural energy utilization
studies aim to playback of the global environment
(Revised), Power Corporation, pp. 161-194, 1999.

(5) Watanabe Tomiharu: Power's wave power toward the

practical use (Energy of the sea to be interesting),

pp.23-90, 2009.

Hatano robe righteousness, TaneUra Keisuke, Makoto

Watanabe, Kimihiko Nakano, Shun Saito, Matsuura Masam :

Dynamics of floating wave energy conversion, JSCE B,

Vol62, No.3, pp. 270-283, 2006.

Keisuke Taneura, Kesayoshi Hadano, Pallav Koirala,

Hironori Matsuzaki, Eiji Kawano and Tetsuya KUSANO:

Float-Counterweight Type Wave Power Generation System;

(6

=

8

<z

Experiments in Open Sea, Proceeding 21st International
Offshore and Polar Engineering Conference, pp.701-708, 2011.

47



	파력발전용 수조실의 수면 운동 변화에 대한 실험적 연구
	ABSTRACT
	1. 서론
	2. 파력발전장치의 개요
	3. 파력발전용 수조실
	4. 수조실 실험의 실험결과와 고찰
	5. 결론
	REFERENCES


