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Dynamic investigation of wave energy absorber plate located on the bottom of a
channel

Arman Asaieant, RamazanrAli Jafari -Talookolaei'”, Maryam Abedi?, Mostafa Attar 3

1- Department of Mechanical Engineering, Babol Noshirvani University of Technology, Babol, Iran

2- Department of Mechanical Engineering, University of Mazandaran, Babolsar, Iran

3- Department of Civil, Environmental and Mining Engineering, University of Western Australia, Perth, Australia
*P.0.B. 47148-71167, Babol, Iran, ra.jafari@nit.ac.ir

ARTICLE |INFORMATION ABSTRACT

Original Research Paper How to provide sustainable and clean sources of energy is probably the most vital question of our world
Received 11 September 2017 today. The population growth and technology development are leading to an increase in the world
Accepted 23 December2017 energy demand and fast depletion of fuel resources. Our environment is facing critical challenges and

Available Online 12 January 2018 there are serious uncertainties with the future availability of fossil fuel. The only possible remedy is to

increase the share of clean and renewable energies in total energy use and to make our technology more

Keywords: .. N . .
Remwabm Energy energy efficient. Marine and offshore renewable energies are from the cleanest types that are available
Surface Gravity Wave from the boundless energy of fluid flow in the oceans, seas, rivers and channels. In the present study,
Rectanglrl]lﬂf Pllates the wave energy absorption in a channel has been studied. A plate with infinite length and finite width
Water Channe

and thickness that is placed at the bottom of a channel has been investigated to absorb the energy of
gravity waves. The plate is on a viscoelastic foundation which displays linear behavior. The coupled
equations of fluid and plate have been investigated to calculate the vibration characteristics of fluid
surface and plate. Subsequently, a proper analysis has been done for the plate's ability to absorb wave
energy.

Fluid Structure Interaction
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Fig. 1 Schematic view of the wave energy absorber plate located on the
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Ao p oy g shed i OLE 0 Ay Cod g WS, loges 2 IS

oQu

Y mdth -

ol dlme 8 (39) alaly 51 T 0 a8
p 0"Q] co "Q
¢Q ¢o 0 "Q1
q OE ic&Q
0 "Q] 10
" IR "
0"Q1 T [A)
(AR QAo
™0 ™ Q
06 o
0 T Q 39
TR L P (39)

s S (5551 abatl,y ol o0 (40) alaily oo slo oyl oy b

S e
"Qv 5 . “ -Q

=h (00! — 40
1S - (40)
oy e T gl g ane R R G ) ol o &5
S S Boe curd Glen " a8 Cenl 85 ead iy (des S
OlFise B8 dme slyull Sl b cwl (22) aal, o oad
g dmy o W yiel b s (41) abal) Bllae |, o )le

p : ‘ : OEICE
¢ ¢ ‘ ‘
T NN Y Q
—OEIE
T
p Q Q
T 10
-Q
T‘ T QG T (41)

G ame IS @ipl el o T 0 Tuw o sl )b cnym b

Bloo Cows 45 (42) abaly &g

0
T o A (42)
ol 00 iy a5 (43) alaly Sjg0 40 T 0 a8
o 2 g (43)

A b w5 boalie g oog dm g il S egge 5w ) S

amio 55 Adsl e Gyt sad Gy 1 Q050
g o0 drmilome (44) abal) & j50 4 (5551 L3>
of
= 44
T g (44)

-3

S (7)o Conbo 8l Gl lagal)ly ST cwnd cl o

gl 4 4o aals ol (il B @S 2 () Gos a2 s (N o7

sl Sl ok oy p Jake job 4 351 adsl ss 25 2 8 s

el 00 38 5 11235 (45) abal) O jg0 4 s sla il

mgh [ T@h - T8rp (45)
adllae Bue oS (g elly sz @ am sloyully ooled oy 2 0

ool axd S La5 1o (44) alal,y 4o oo ools polie b plp g ol el T Sl

3 3 S rzmen ool 00d gy o Sl eadol yelly i b

g 005l S5k (55508 wape Jed 5l bl (S Sl (6,5l )

01 avABUEMAGHTUE L Y%t A& u 1 Cy



ubhed 9 ylsbac ole,T

JUUS piim 93 4585 )53 Zlgol 533l 3l axiuo (SaolsS w) 2

Gl (Fly Jods b oo (B Sad 4 Gee (I L 5 cl S
Conbo jpam pas )0 dxbo e Aels Cund g (ulSF 4 Cod
9398 ss (SFLD9d lrs axmio e S8 (cegmge idu aile 4 (ieS
95050 O 3l gy 4 axdo e (SS90 (phed Sulo (AN

obad Shaise @l Jlw oz & amio pyr Cod Jl4 SIS o
YOTBITRY TMem caws bz olp mbs cwl ol ool
ol Glajlosas o B0 L ileads Al Y T 5Y TP
domins dlS 3 S 2 2 s 45 S5 g se Abgie (oilS 3
prr GRIBl bl iy GeseS Glaol & Cund Gres glao] o
Gl amio we (SR (cegmse g (Aid> iSu 95 o ojlul waxio
Ozt Sebion Lo Fps ez Rl L amio 00 Ojle 4l oo
rizped ool 52l Sl Ol5T s s (oS8 piolie o2 S S
A dorio il Cond Olpsd 5 (Sl 50 asie gy 05 o0 cdline
31y mlass azels

5 oll s 5 amio clade cilS 5 ol o Sl b adlsl
e ly adgl 50 Ghals 25 (43) bl yo aels Cod (prizean

oyl I b i e (S8 cagage iSu 50 (SELE 90 ((SuSTy
oo il amio do W53 (e A g 09,08 O Sl e Bee
a2 Gl 4 amio o (WIS > A (S 90 o) o I L
g dalyS LAkl 4 08 zoe (as p2 50 9 29 cei o (es

o &5 S8y plgie e e e 4 bgrpe @l 0 Bs L
Slyedd angr Gos ayd Gl L gl e 4 boyye (58 ik
Corlo jpam pas 5 j9a0 30 5 Ol (egmse S g AN Jlaizr
Sue Boe capd Gl L g odd £9)d (e ke Sl amie (oies
o8 (agmge (i o3l jada s el dly S (oo e o Caon 4
laloges amslio b ol wuplos 1) oo Sy oSl b Gl
U)o s gl 45 2l 0 olsi oo amio § e o sl uilS 15 &) bigy o
ol pSep amio de 0 oS (Jloyo Wadse I S09) S Bes 0
Hgio e $09) ydow Bas o glgel g 9l oo Gl £900

a5 il olgse s e el 4 asis ey s cdalis
G Gos GlPl b aS canl S 3l S (g)lake e de gl S oyl
3PS m @oae Cond (pl axis e o aS b jo il oo rels wus

12 0.5
10| = Plate Mode 0

= == == Syrface Mode - 0.5
-1

R(12)
o @

[T ]

12

10

R(2)
L = =]

o N

£=0.001

12

10

R(2)
)

£=0.01

R(Q)
L ) =]

[

(=]

£=0.1

Fig. 3Frequency and amplitude ratio diagrams as a function of the Shallowness for different flexural rigidity of the plate
amio Glise cied glacaalo Glil 4 an e Bes (sl ul O g 4 Al Cod g S slaloges 3 S

01 aYABUEWAGIU € 1 Yyt Kds° U CAopAu

i Cywiu

oo



ubhed 9 ylsbac ole,T

JUUS piim 93 4585 )53 Zlgol 533l 3l axiuo (SaolsS w) 2

12 0.5
—— Plate Mode
10| = == == Syurface Mode

8
—
& 6 S
& n
4
2
0
12
10
8
) —_
o 6
4
2
0.5
0
—0.5
-1
o _—15
& & -2
e

-2.5

e o~
= )
& 3

—-2.5

-3

—-3.5

—4

0o 1 2

Fig. 4 Frequency and amplitude ratio diagrams for different mass ratios

53 e £l Ao de sl EBIS £ ies xSl
P95 olsen Fos Sl L o 2a sl adsl 5551 20l £ a8
sl G55 Rl 5 IS b 4 85 S5kios esaline rizan e
oS el ol odimsylas a5 conl mhaw v 5l s s axis se sl
Comnl 545 05 o Dype amio de s 5y i i

| )l.))}‘;).g @yb

20F=
-¢ :);5\(\:06
15--~. ‘\\\
B S S
TSN
{:0.5 ~ N\
& LR
W 10 \\\\
N
NSNS
R
5 X
L 3
.-"-—_—

0002 02 06 08 1 12 14 16 18 2
u
zlaw 2o (b)

- 600

103//
(=
I
=4
-
(=]
(-]
s
I
=]
103
102_/\/
10
Bn‘dhlu_l -‘\\\ T
1072 S =S
10-2 Sl
107 -
1075
103
102//
10
L] B -
- (=]
& 1071 h‘."'\ I
i0-2 \\\ |~
1073 S
—4 RN
10 N
1075
5 6 7 o 1 2 3 4 5 6 7

Gl sl Coms (13l & aiels a5 uilS 3 (sl fg0i 4 S

G s S j0 euds &l bl el 0ol aule maw g asaso
T polie sln
So 93 lp adgl @35l 1ol 5 n e Comd g (oS Cule
Loyt el 00 (o) T 96 5 (sla S 10 o ) haws 5 amio
b amio o (sl aelgl (5551 2al5 5 lanl 4o Lalosad ol (ools o
Loy aslol joaun; oo poa S adaii G a4 B sl o 2138l (e iuld

1200
1000
800

400
200
0

0 0.5 1 1.5 2 2.5 3
u

Ao Jw (@)

Fig. 5 The initial decay rate of total energy as a function of the shallowness for different damping coefficients
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Fig. 7 The initial rate of total energy decay as a function of the shallowness for different mass ratios
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