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Original Research Paper How to provide sustainable and clean sources of energy is probably the most vital question of our world
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energy demand and fast depletion of fuel resources. Our environment is facing critical challenges and
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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

ookl b 5331 has 5 9dss s slogbsy &l BT nl 5l 6 sl> doukio -1
& @35 e sl 5 aloel 655l wile 51 plinans s SLpbe B ojgpel amae GRIB 55 ) 5 @ 5l Gl Cumer I3
5 ol Vg oo el p LIS 5 pAnasS g9 g0 4 T b logd e plol Gilitie slaaie o (65, a5 adss aie) ,o g0l
sl ae o Jlo 40 Ge Glaime 145 wiygl Gl o Glasestils dsa  Sogll asle gye BT Jglate slajss, 5 oolizul b (5,1 odgs
e5 ol 5l ol 54! @bio 51 70% sl anals oz cudld plosuass Gl a5 o)l olpen @ 1) (iae) s S 5 SIS lajls il

Please cite this article using: s lod o3l 113 ©)le 5l o opl @ glayf (gl
A. Asaiean, R. A. Jafari-Talookolaei, M. Abedi, M. Attar, Dynamic investigation of wave energy absorber plate located on the bottom of a channel, Modares Mechanical Engineering,
Vol. 18, No. 01, pp. 361-369, 2018 (in Persian)


http://mjmec.ir/
mailto:ra.jafari@nit.ac.ir
mailto:ra.jafari@nit.ac.ir
mailto:ra.jafari@nit.ac.ir

Ol 9 ylsbac yle)T

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

Jsb b amio o5y sl 0 oyl 51 @ b ol sl alie ol o oS
2 StYlgSng i a8 )F 18 sgame Culs 5 o0 5 Colide
5 (el glaal 8551 e Goyme cpaiiny Ve ailie a5) JUIS S

Ll 00 4.3;

o s J g0 3 -2
oy o5 > Y oleo —2-1
Sy i 3 ABF E il il amio § Soled ol 1 US40
4 il dambs el sals ooy Lis B Gee 4 Jlew Gly> g9l JUI
3 o 3 45 oat 5,5 i s d Calnd 3 b bt aliics s
X —Y amio b gilse ;050 dxbn 09l oo pilin X axmas Jsb b,
w3 Gt 3, L pleped 5 o yd Jold SLauVlslns (6 2
25 00 Jbws JU (&) i ;0 Q3o amans ols )13 4 azgi b ol
)o‘_JL....,LoP@prJa“)owLe»5w|w)|)suol>w
Sl JUlS (9,3 215 glyl Qi sl Glio s Crl Sl ules
el soee Bl Olgiee el 551 2dx pegdle g 08 ealial by
o o gl dl g laly o 50 &pudy 5 (Jlsb

Gillae 1 JSs 50 oals ool lid amin JSo s p oS> aoles
[12] ol (1) aka,
DVt + ppd tpee + k*np + "Ny + B, =0 )
axly 30 e olyee oo Climdaw axly jo 28 hw (g o KM iaxin
Ly 5 358 Al 1 ol amio (565,153 Uoms yo S L33 Py g o
OF 51 ey a5 Conl (550300 & S (5565 Fbe im0l SS9 (soms
5 AT edg dmio e Coudo cdimolii D yuen Sgd o el
[12] 59 0 drlne (2) alasl,

Ed3
b @

12(1 —v?)
sles U‘" J.gos){.c L] Ao «.)9"‘"94 &_,A.i]»bv 9 s_i’l.: Js._\.a E QT 3o

D

s V2y ol 5o oS ead ciuym Vi =V2,(V2)) ojpe 4 Vi,
el (3) alasl,y Gollas g 00gs (2, ¥) (sors 90 Slatses ;o LY
RN RN
4 _ 2 2 —
Viy= Vi (V) = (T*W) (T*F) @
@ =0,b sl e o) amio by Sll 90 40 axio 5550 Lyl
igise Ol (8) alal) ©jg0 @ g 0ud 4B S S s (L35 &g @

+—Rigid Wall

Flexible Plate

Fig. 1 Schematic view of the wave energy absorber plate located on the
bottom of a channel

JBS sy 3 5 18 rlyel (65,0 bl amio 5 Sl sloi 1 S

01 opless 18 0951397 ORI 3w Sulse wiie

9SS ol el Jously @ a9 by Gy 08 99 399>
i el 0 2T T (g5 gl il gz cilie gloelSius (gjlaslel,
Jol Sl Sz olgs Jed 5l plagle; 5o Sk (VL Coeal e 4
b5 sl 1940 ans Slgl o ol 55,68 zlael 6550 4 Joles
WS Syt & g9d [2] bgele siis i @ gl 655
$ipl slodame colo 5 (ALb g9yt Sln Gl Iogule sl >l)b
Al plitl b 4 (2bg)l £525e 90 Grizmen g Gl peli 50 sl
2 alsel @5l gladas Slii st iy 4 [4] Jbs 5 [3]
Bl Sy Ko 5 S 0l o iogy 1974 Jlo ;o 555 5 aalilsl
D5 se wymme gloal (655 a0 SeedlST Slalllas (Lol

3! glie 5 by glal » Sllllae 51 sladlo ;> 5 olnl
ol 35 45w plol 2011 Lo 45 ooy el 455 plol o
bl [6] 08)5 18 addllas 5,50 )35 by 5 (o)l s (s ples
Sl orobie Joily sl loal 9929 alanly 4 555 (sbjs Slalllas ()
JoIo & Geoe bl o)l s 53 Ll o)ls (6550 sladawe 51 ool
1 Aol 4y a0 JUl ol olie Lyl ol 5l ol alols
omebline el 55 pb a4 gladais (6550 Q3> o9 Cldlas ol o)l
i3l g lo] Slalllne ol azg B ameets sl 4255 g s ol
ol 3 25250 03,28 (51 Al 4 a8 plaesils (sareaddle
el S slags il s )3 wlalllan (Al Coles 50 9 o0l

Il &5 Wus b Sl sl Jow asdS glbass o
A esliul 5j00 ez pelpw 0 93T 5 sy ol Wy @ bl
ol slogale cloatis s plowl Slivios 5 lallas [7] %S oo
@55l el gl gloollgg Ul Ly S ool S s o5 aRo 0
@5z s 50 Ol |y b ooy (nl 55k laiges ol Zlsal
GS 35T US s Lawgi 55,0 iz 45 ol 55 LB 5,5 sunlie win
@l ool G @ 2o S U2 Gos b i g Jolgw U oad el Lo
s oo sl I ol aies ;a8 5 aily glyel Jilie o o eSenls
23l azl leslanul ol oy ol 5 2855 el b olel [8] s
amdB ool )l 3 L Jawe ool yo [11-9] ols &1 by s yo (555
3 Sedee Ddx (e glael (655 (S VIsSany Sy pdy Sl
i el gl 53 (535 D il SVlgSns e &l
2 0l @Yk Glls Koo oo 4 cons (65, il 4zl slacy e
4 Comd Jawe 9 (pl 0ajl (38, YU el oS ol ) lsel (65,1 i
St 53 RSO3 Js a4 eizmes Senl oud glgel (6351 slaJowe S0
b g S le o isS Glp (el s & Jows g5 nl s
oSl 5 OIS ale (sl ol (e oSl S (e Slml Gl (S5
2,5 wlgm syl SBsb Zlgel Jlas o J>lo b

a5 8 O3l axio (sl 3SE 9l oo cdalive a5 psbiles
59 0 badelod Lol )0 a5 48,5 & 90 Jllhs o ugildl 5 lalys fs
Corlo s outinly Slalllas 1o o0 oo p1 sboojls unsl o0 lonil
POl ez g ol hed Cardo K00 Sl 4l Jho oy g (e
adlas g (gwyp Sy el moly a5 Jl> 0wl oais o)lg DYl
Dgd a8 SHla s balod )0 58 osle iy g (e Cendo Wb SESs
ol sl oL 4o 55l i a5 el o] Kod ool o 4SS

05 B 4z 090 Wlg oa lagugldl g labyo 5o b asle 55 Jlew

362



ubhed 9 ylsbac ole,T

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

Sygo 4y by Jomndlis b Coles 50 ad ales aulze (13) doles
Syl oo adsgs (16) alal,

. /s
(x,y,2,t) = a(e?” + qe_AZ)el(kx_wt)COS(z y) (16)

Sype A 5 syl 5 oon (asld) Jypme cba gl jo o8
ooy iy a5 (17) Lasly,

Ag — w? o (T
a Ag + w?’ 4 k +(b)

o (23 L (16) alaf; 55 oud ools s Jondlly @b el (129,
oo bulps Koo ojle el 5l 55 (7 = 0,D) 5o e lees (os
el 158, (16) abal, U 5.5 (18)
Vly=op = ¢,y|y:0‘b =0 (18)
115) Lalyy a4 gl )l b5 (16) alal)) e pos Jonily a6 b alin
(20,19) Ly, &jp0 @ ey & axio 5 phe alals &y (bd

. T
ns =ns(x,y,t) = asel(""‘““)COS(Ey) (19)
Ny = 1, (1,7, ) = ape =90 cos (= y) (20)
p = %Y, P b

3 sl aio g b olT mhas asals i 5 4 Ay 5 A5 gl o oS
g 4 ) SaST aba, (13) alsbes 4o (16) alal, (5,58 s> L aslol
Dy on dale (21) alolas
w*ptanh(4h) + w*p,dA + iw3c*A — w?DA® — w?k*A
—w?p,dA®g tanh(Ah) — iwc*A%g tanh(Ah)
—pg?A? tanh(Ah) + k*A%g tanh(A4h)
+DA8g tanh(4h) = 0 (21)

L1y SaSly abl) ol g calisee oyl )y S ooy Ca
oS S0 (22) by 50 oad (Byme (sla el )y iy

0 h ¢ < Pg Ah
=w [—, = , V= ~ u= )
g p/gh k
»d D
R=—— = —
ph pgh*
Sor wer ¥ g gl cupe (amg o8B0 T
Py A Ao p,> o R W2 Gos oo U J10] A o oasils S5k

(22)

’

dmg (SaiSly abal; (21) abal; o Vb ano sloelb 6,186l
Dy oo dnmles (23) dolas &jg0 4y 00l
N*ytanh(u) + Q% Ru + iN3¢uy — N%eyu’® — N%u
— N?yRyu? tanh(u) — iNyZu? tanh(u)
+ eu®y tanh(u)
+(1 —y)pu?tanh(u) = 0 (23)

555 dsls Iy s 5 amio slouilS 3 Glsioe dsbes ol U b

P Ao a5 ched oo 1 B3 b aS cal o] S8 G S

a5 Sy ou2les [10] a0 )0 00y dlne (SauST ) dolre 4 YU alayl
ol 0als dilos dallyy Coro 5 Lo

aols & amio aely Cand Gl e (16, 11-b,d) Loy, S5 L
55 dralons (28) 4l e |, o

A= o _ cosh(u) (1 - iztanh(u)) (24)

as 0
S s tanh(u) = 1 e ol e o D 1) Grae slas] 51y
Sg o0 03l (25) alaly &y 4y (23) (FasSTy abaly axil 0 g S

* Dispersion Relation

363

Moy =0, Tpyyy =0 Q)
A3 (SA5rd g e el (Kes oy p 3590 Jlw
kY dols Ojg0 4 (655 (Kwgm alaly a0 4 onls a8 S
[13] ws anlys (5) adal, gllas
Vazcyz(;b =Quxt Py + bz, =0 5
S o pos Sloalge b o5 0351 Jlow oo iy 6 B 1 50
Syls b5, (6) alal, & y90 40 (2,1, %) slaliwly jo s 5 4 (W, v, u)
u=¢,, 1]=¢)’y , w=¢, (6)
3 oedhY sles ((B) alaly o eals iy V?Cyz 4 ogh Cds
ol (0,9, 2) gom aw Slaise
SrSIB e 5 Saslus 5550 Lnld i 0516 5 oolind L
(8.7) Loy, e i & donio (5,515 e i 5 Jlowr o1 el

1
2=0 ¢y +5(" + )" +0,") +gns =0 Y
1 P
2=mhe e 42 (005 + 9,7+ 05) T gny =0
®

95 S S5z P Sl 33 o (53500 plralr 2T o 5
e 0o Ednt PR A A bl ey QMIS QLD 5
gl (87) Ly, 5 ouds Slidyo Jgiy abaly ;0 Jlows (23 glagis
[13] wsloas

5 Jbws o3l s (6553 e 5o Siilotns (5550 Ll (rizeon
[14] g o 0013 (10,9) Laly, silas ol 5 4 ambo
Gz =Nst T Pullsx + Pyllsy (9
bz = Npe T Pullpx + Pylpy (10)

(11) Lily, 50 4 (10-7) Ly ¢ s yé gloc e 5l i 0 by
1 winlys (o33l

Z=0)a:

zZ = —h)o:

z=0, b +gns=0 1-a)
z=0,~ b, =Nst 11-b)
z=—h,» o +%+ gn, =0 a1-c)
z=—h, bz =Nps 1-d)

S5 b alie job 4y g (12-2) dolee 4y (11-a,0) Loy, oS5 L
Sy plyS (12-D) dlolee 4y (11-C,d) Lojls,
¢,tt + g¢,z =0

Pyt
¢,tt +7 + g¢,z =0
(Siwoslw g (1) doles ,o (12-D) 4 (11-d) SYolro 5,138 sl> b
Bl oo Caws @ ety Jomiliy 1l w3 (13) Jumndl pis s llas
DV;}cyd’,z + de ¢,ztt + k*ﬁb,z + C*d),zt
—pe—pgbz=0 (13)
G lulps a5 (14) abal; &js0 a0 1) oy (13) dolas J>
el o0 a8, a0 S e Lol ((4) alal)) Aliss
. T
¢=¢yzt)= F(Z)e‘(kx_"’t)COS(EY) (14)
riia sl =V g ol S 5w slagly 90 suek T o
Ll (15) alayly asile (A) zg0 Jsb g zge sae alal, el Lalises
_2m
S
30 (14) A.Ia.gl) s)lfdl? L\ aS 009 J?‘Q”“’ ‘ngl: F(Z) e

zZ= O)J: A2-a)

z=—h,» 12-b)

zZ = —h)b:

k (15)

01 o)less 18 0951397 ORI )3 )3 Suile Swdiye



ubhed 9 ylsbac ole,T

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

w

) Ag + w? 2Ag
= Real {—idag e A9+ o’

. /[ .
cosh(Az)) ellkn) o (Ey)} e lwt

sinh(4z)
+ 2w
Ag + w?

i 2

24 202
—gsmh(Az) + —rz
Ag + w, Ag + w7

L.cl uwlf)ﬁ ST YVIPR N Ep P IR A AP ISR I
b Jlo i g5, s (29) ala, o (32-30) Ly, colol

cosh(Az)) e®it (32)

Al oo s 4 (33) alal, & j50

2
1 Ag + w? 2 2Ag
Eer 4p“5( 240 > ba <<Ag+wﬁ

. 202 \*\sinh(24h)
Ag + w? 44

2

4
%Slnhz(/lh) ez“’it
7 (33)

aal; Blas zoo Job S 50 amio 1Sk iz 655 e
<l (34)

1 b____
Ekp = Eppdfo np,tzdy

1 bt
==p dezwitf f = (wya, sin(kx
2Pp o ) /1( rQp

— w,t) cos (%y))z dx dy

— 1 d 2w;t b T 2 d

=2 Pvde fo (corap cos (E y)) y

= %ppda)fazz,bez“’it (34)

ety slagsl ggomme 5 i piams S5 (S0lee Jonily 6551
deslo [12] (Epp) ambo 5 (Eps) ;8 J15](Epp) Jlw nSilee
il s s 45 (37-35) Laly, llas jsSie Lemiliy glacgyyl os oo
1 P L — bpg(a? — a? ,
Epf — EpgeZwltf (7]3 _ nIZJ) dy — ; p) e2wit
0
(35)

B
Eps =5 fo komy dy = —gF et (36)

9’0y (9°ny
_(6x2>(6y2> dxdy
DbaZy . M2 s

= 42— — i 37
- [A 42 -k (b)]ew @37)

9% Jeily 5 chir syl ggeme Sl 55 U5 (Sl 55
ably, Sy 4 1, IS Sk 6550 Glg oo Solw Sz Dsd oo Jol>
255 ke (38)

1
Etotal = zpbgag"uezwit (38)

01 opless 18 0951397 ORI 3w Sulse wiie

(2 = W2y + YR + iQyp — p(1 —y) —p’ey] = 0
(25)
b aS el (27,26) Laly, sllae grwly aiws 9o gl)ls 5sd aloles
Olse () aals Connd e o5 Sl S SZsS Ly ST 4 axy
Cannsdls Jlws .\,I)"I@Lw b aomao 4 by o cod i 4 | bagewly ol

0=k (26)
_ —iguy £V-32y? + AL+ YR —y) + iSey)]

P 2(y +yRu)
(27)

il amis do Ll 302 5 b o] s s uilS 5 0 a5

i, a5 il g (26) abal, el Gree slool Gl 55l

dmho it 5 (S ply> 5l JEs Gros sloo] )0 gl (5
ol Sl Bos p5 5l (o2l oS 5 005

&5l ¥olae —2-2
SV IgSany s dlasly 4 ol allie j0 a5 350 asmio Conl il
o 59 00D Al (5l 118 45T O jse cpl A Cnl Zlael (65,51 Gd a j0lB
4 f 53 0dd deeni (6laped g oad Jold aball Joo amio (lug Sl
3 sl s IS (6551 ijlag 0 azmiio 28 > 5l Jol> (6550 i
dlote fio o8 5 Jlow amio Jouily 5 ciaiz Glaghyl ggeze
Dy o0
@ amio g Jhw ciiz 655 ggeme l pann 5 (st 551
ojmsa dwls (28) 4.1:.3|) Syg0
Ey = Exs + Eyp (28)
Eips Exp o 5 05k stz (55501 B (28) akayl, po o5
iz G5 el amio g Jlw 5Nl Ghair @55 i 4 5
[15] 05 g0 drnlna (29) b 5l 250 Jsb o 50 Jlows (55le

1 b 0
Eyp = Epf Xf J- (u? +v? + w?) dzdydx (29)
o Ao Jon

2 iy 4 Jhw ceyw [15] dds msew v al gl o oS
Ly, Syee 4 (16,6) Luly, 5l eolitwl L g 009 Z gy & (sliwl,
u

_ reall ok w? + Ag 249
= e s 2Aw Ag + w?

. T .
sinh(Az)> el(k0) o (— y)} e iwt
wr + Ag
2Awr

2A
<—g cosh(4z) + —— smh(Az)> ewit (30)
Ag + Ag+ow

cosh(Az)
+ 2w
Ag + w?

= cos(kx — w,t) agk cos

v

Ag+w 2Ag
- rea e, (5) (1 )(sz

sinh(Az)> et(kx) gin (%y)} e iwt

cosh(Az)
4 2w
Ag + w?
] my . N [(Ag + w?
= —sin(kx — w,t) ag (E) sin (Ey) <Twr>
N

24 202
<—g cosh(4z) + Lo sinh(AZ)> ewit (31)

Ag +w Ag + w?

364



ubhed 9 ylsbac ole,T

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

ouis &)l wilowds 6"’))‘3)5‘1‘) UYLM).DJG..JS)S C"L"‘)"gfl)"“’w
Sz @l aasin aolee a5 il o g5 oo (23) alaly 4 azg5 b .l
lp o0 ads; 93 9 Jlow mhaw (sl 4 90 45 Sl (S5 (sl s
(_az_ib2)5(a2_ibz) ﬁ)smﬁwduw)5(—a1—lb1)
6"”’ 9O O | AS"““]G slael bz 5b1 ay aq aS wiloads 4*.4[.7;4
Py doio sladiy; 39d o ao dxio o GWlS,E s Jiou oS
iloauis a3l zuls aiy 8 Coond s g 1)) g ol

Al ALy SgeelS laaly 5 Ly, Coo owyp Cux
ol rlans aiels 4y ambs atels G 5 (SaiSTyy alal, ilS 5 glagaly
e 3 USs jo oal &l mls L2 IS gla jloges dunlio b ol oas
Como 4l 40 g 0dg Guhaie S0y p gl a5 2dl,e ol o [10]
el 0l 550 008 aigh sloasl v g Laily,

Crowd (R) GuilS 3 i Caond ) cded Sondo S13 USS o
Sloges a1 (@p/a) als o 3 5 (B) 53 egnge
g JSE cpl 0 a8 culazgs BB cwl 43,8 13 aalllas 5590 calire
S lp o b g amis de 4 by diew bx o b G o
E=0 il @ ey a4 el 4 YUl belegas ol cel zlaw
28l e lead aulxee =01 ,e=0.01 .e=0.001
Lly, jo0 o b a5 cadl am o Bes oo e p oaliol slologes
sae Gl b Bl j55he bl 45 A ablyS e Al
Sy daly> zoe Job A8l L g zge

dmio ied Codlo AT glej 0gd oo cdalie a5 jebcjles
|)@SU‘MWMG&J’M‘(8=0) Cannl o.xw).!a;d).a
G (g S oo e she S @ Goe RIFIL g 0 e 420
SAd 4 g ol £oyd Haw | Gl LAl (gode &S Ao ae estge
i o L= o = 1381 Sl Ges ooy il g0 Sl
AL g0 dotho do il 3 eglge S g oD Hao dotio de WS 3
G55 dmio o (Ll 3 i e A yae) B> for (Sl o9 o
Sloges lp phasw 0 Ol 4 09d ool fiTe goe g 0dD e
O 4Ly 50 sl sl s .cudls waless zae Sl Beas 3l i
3o amio ey 5l ol 0 a8 ead (51 58 [10] gz e o S
5&€=0.01.=0.001) o slologes gy b .ol oads 58,0
aoles jo stz Codo ol ALl L oS 0ed o cdalise (=01

7
y
2
;. 103
A
+
. 2
is p 10
:
—~ o »
3 5 & J10
g 1F-
1L.
‘\
0.5 g0
10- N
%
\\
1072 =

-3
l)(]12311-5 01 2 3 45 012345
1 H H
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flexural rigidity and mass of plate
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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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