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ABSTRACT

Introduction

There are currently a variety of methods for extracting energy and generating electricity from wave energy, one of the simplest and most practical
methods is to use a water oscillating column. The oscillating water column (OWC) consists of a chamber in which the rising and falling of the
wave inside the chamber produces positive and negative dynamic pressure, which in turn can cause the turbine to rotate at the end of the duct.
Our study on OWC has a chamber with a front wall that is oriented against the direction of flow.

Methodology

In this research, a two-dimensional numerical study on the geometric optimization of an ocean wave energy converter (WEC) to electrical energy
is presented, the main factor of which is OWC. To do this, the geometric parameter of the OWC chamber length was optimized, while the other
parameters (height-to-length ratio) were kept constant. In this study, a regular wave with dimensions on a laboratory scale was considered. The
main purpose was to optimize the geometry of the device with the aim of maximizing the absorbed power in conditions that are exposed to the
defined wave environmental conditions. A multi-phase volume of fluid model was used to investigate climate interaction. The computational
amplitude was represented by an OWC device with a wave tank.

The main purpose of this study is to present a mathematical model for optimal design and study of the converter under study. To determine the
optimal energy converter parameter based on environmental parameters (water depth, wave period and altitude), first using the Particle Swarm
Optimization (PSO) meta-processing algorithm and coding in MATLAB software to create an algorithm to study and provide the most optimal
chambers with the widest range of text and waves We did different depths.

PSO algorithm

A meta-heuristic optimization algorithm modeled on the movements of a group of birds or a group of fish that live in groups. The PSO algorithm
shows flying birds to accurately detect motion and analyzes flight patterns. This algorithm, like other evolutionary techniques, uses a population
that contains potential solutions to a problem that it uses to explore the search space. The main difference between this method and other methods
is that each particle has a velocity vector that by its changes continuously searches in the decision space. They are selected randomly with an
initial velocity of zero. In the next steps, the particles have acceleration and velocity, so that the movement and displacement of each particle
and the position of the particle in the new position is calculated according to the previous position and velocity.

In this study, an attempt is made to investigate the simultaneous effect of environmental parameters on the efficiency of wave energy converters.
For this purpose, the parameters of the period of impact waves (T), water depth (h), and the height of the index wave (H) are selected as the
problem variables. Also, the water density parameter (p) enters the algorithm according to the region as a specific input. Also, the necessary
changes were made to define the main optimization equation and auxiliary equations, and the limit state equations were added to the algorithm.
The problem under study specifically includes a principal equation, auxiliary equations, and limit state equations (boundary constraints). The
main equation was considered according to the amount of impact wave energy and considering the angle of impact based on the mentioned
relations. Also, the limit equations of the problem (boundary constraints) are determined based on the minimum and maximum parameters of
the variable. Therefore, according to the defined quantities, the initial range for searching for answers will be in the form of limit equations and
the minimum and maximum values of the original quantities. After determining the initial region of the answers, according to the hierarchy of
the algorithm during the process of the coded iteration cycle, it obtains the best values of the mentioned parameters in such a way that the amount
of wave energy is maximized.

Simulation and Results

Changes in efficiency under geometric ratio change

The optimal efficiency is shown in Figure 1. According to the diagram, the changes in maximum efficiency with increasing H / h ratio increase
at first, then remain almost constant and finally decrease. Considering T = 3s, the highest efficiency was 54% when H / h = 0.3) , considering T
= 6s, the highest efficiency value was 49%.
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Conclusions
The results of this study indicate the very appropriate answers of the proposed PSO algorithm to determine the parameter of the optimal operating

chamber of the wave oscillator energy converter in comparison with other algorithms. The performance of the designed converter in the obtained
optimal state is equal to 54%, which increase in comparison with the research background is a self-confirmation of the results obtained from the
determination of the optimal state by the proposed algorithm.

Keywords: Wave energy converter, OWC, Geometric Optimization, PSO

Article Type: Research Article
Article history: Received: 09 April 2022 Revised: 21 May 2022 Accepted: 29 May 2022 ePublished: 23 August 2022

Cite this article: Jahangir, M.H., & Sharafi, M. (2022). Improving the power outputs of oscillating water column
wave energy converters by optimizing the geometrical parameters, Advanced Technologies in Water
Efficiency, 2(2), 14-27. DOI: 10.22126/ATWE.2022.7855.1019

Publisher: Razi University © The Author(s). T




T (639 0y 3 Gy Gl (9l

,\‘\__/, YVAY-¥4¢¥f 35<:;}jg‘ Ll https://atwe.razi.ac.ir ‘4 i ali.:} U’,';,,{Z';,

b Sl (5 jlwding @250 31 T Slugh (i Tao S Olg W gi S
T S dozee B LSSles s oo

mh.jahangir@ut.ac.ir :aebll, .l pl ¢l ad 3l x5 sliily (o5 958 g pole oaSKuiily Hluiils ¢ Jgtme sdimygs |

mohammad.sharafi@ut.ac.ir :asbll, .\l ¢yl o)l oKisls (cpgi (g8 g pole oaSiily (pdy 155 (sl g5l (wdige b)) ool S s gmeiily ¥

CXVLES

Lo by (r Ao ml g cryodl I (o a5 3l 3929 gloal (551 J 30 g5 9 (55 Jlamitl sl (oite laghy) pob Sl 5
a dbise J31 )0 zee el b g Vb o ond S5 dladisme G 5l (OWE) 'O Slogs g ol O Slogs i 51 ool
a5 33)5 e ol 3 48518 (g5 iS 2 el Wl oo 393 gy &S oA e g Cute (Suelid JUiS Wy el s
adlas 5 imgh ol il 03 by cas blie 3 ol pScas oS cul gl e b daise s OWC (go) p pol>
sl OWC (il (ol Jole a5 595 o0 ) (S0 80l (650 a2 (ool glsel 5550 Jaso S (oot (3losinge 2)90 )3 Smigd 5338
ABbaSs ol ¢ (Job 4 e, cans) ;500 (slayiol )l a5 s yd i o disgy OWC dlaie Jobo  awdin jiolyl )8 oyl plol (ol
lomgol GhiS w0y 2 (sl Sl o2 (5306 i Jo j1 s a8 S Loy alSylol uliio )3 olal L pliate g0 S adllas cpl o0
Ca (b (Jo Sl Gimgh opl Lol Bua i 0ol LS zae 5w b ol yos OWC oKiws § by Slawlore diold .ad oolésul
Cap Casl ol gge aome laulid (55w 3 ol eadole g puile) e 4 jlaied; Jue dle (Db e 9
Pl (iloinge winysSl (55 5% b Il (el)) 5 @se 2920 ol s oo sloytally bl 2 6531 Jiee st bl o
ool b glgal (gl dlaions o iage Byl g iy (sl (ootygS)l sl 4 plisl MATLAB Jljdlay 15 Lpwass S 5 PSOYlyd
st i by st St 9l S canlin ol iy gty (il bl gl ol 243 il Glael 5 5 g
J)S.lo.c o po m.&.ﬁ)plqd‘ $2)90 asllao 9 Jon dxio Sl u_ﬁ-l).‘o u»L»I » ‘ual » 09)4.9 ool 0> Clyol )§)L.u9.> d)).»‘ J.Luo d)l;\f)lf
ol ol b 395 wlisdiog A b duslie y o Lial8l & wunl Z0F L plp ool Caddy aiage by o sl Jae
sl 0351 0] o268 Lausgs gy lo ysess

PSO iz sl s st (gjluosizge OWC cglsol (5551 e 153415 (523l

gy Al o g8
Vo) b oV 1 Sig SN ola VF ) sla )3 oA 2 prdy VP ) i )| YY 120l F Y 50,98 ¥ 1L 4 1l alslw

o Spgor 1 sy (locyplid ¢ o sim Sl sl i G S O Slo g st g0 Je Ol P GBI (VY o (B g ez Sl 3Lk |
10.22126/ATWE.2022.7855.1019 : Jluzu awlis NF-YY (V)Y

-Qlfx*“:t}j © ‘_5)'1) oKl :).J:vl;

1 Oscillating Water Column
2 Particle Swarm Optimization


https://orcid.org/0000-0002-0991-7646
https://orcid.org/0000-0002-4668-0270

o Sl (5Ll 250§ Ol Slwgl G T90 Jwe oy Wy S5

.

doddo
ol 2> ol o 2 5 g8 el x5 IS ol Jlasiil sla gy dawlga; L) glsel 5
il (elmolSd ahb ol sl 2 yss 51 Il (6500 s VWIB 5 5L (g5l il O Laussio ysboas zlgel (651
Ol el 0391 pdy Mo Sl aope )3 qudine FnoHle Colie cp et I (So ALBIS and W > glgel 5
lais b (2l bl g (6551 M55 5 (6)SS ppasd o5 IS Ake s cladt 1o b ol (gjludings JU> 53 )lgan bn s )sid
55 sla e o Cunbge Nigd o izt 9o (551 Jlaial by 5 Jhee o Casbyn bl 2 Ygesa laal (55
olRawd 3,Skas g5 b zge 5551 Jlascil 29y D95 oo (sl ol S (555 5 ol & S35 JoLuld0g)S a4y el
Ero-Ja) Ologs ey et g o pizse 59, ¢ o Silog (5t Loy Elsel @ gy ol 035 iy 2 Ygane
(V¥ ghSor g (pumo) 39 o0 sl Z90 (5551 im0 9
PSR g npodle I (S & 015 3929 glael (S5 S 5 Mg g 5551 Sl Gl (oot by, pb Sl 5
g el cud 3 4 dlaises J31 )3 290 (el (b 5 YU oS 05 S dlaises <y I OWC .casl OWC jl o3liziol a3,
Sl il 205 e Sl )3 4853 P (S Col Bl 255 a4 00 ile g e (Selyy )Lt
ol 033l GRIEIL B 33,5 (o I 5yl sl Sl j aisa By diajls Cuwdyed b L g ol LS 3 e cnl jlis)ge
Sk 3 (oses sawsin b L1l | (651 Mg aled e e laluld sloojlo o g ) e e izen 5 oS
Taw 255 0 )3 glgel o yme 3 lhaal Cjpgod a5 5l Sl 93 L (slalaioes I sl 0jlie OWE (275 slasaly calisre
Al e (Sa55l oy 365 (slel o 3 b a4l g3 4o aS eSS o el 43l g3 1 1) wilgial 315w ol ol
ol SIS 4y 05l i Cendg 390 mlg (9mgl) Sl [Sibogs gt 93 (g Jome lojon dlaiomo Lol e o pcnle:
O o 0l IS a8 )3 4y g ansly 15 gleel e (oyme 3 (55 Slpets sl L) Slos (Susil glate oS
4ol oo i 315 Ol s (LSSl 5 08, S8 o cpl B 50 00 los 4 g (208 @b I Sl dlaisee 51y
ghie <8l g Ol o (g G pus (saasidio 93 b canlie g 03500 il slite g (I9n Silugi (s jye) SBe s
2 i 515 (g Lid) Ol ol s L8 Jludo Jgo Slipd & g0ty b ol 3 Isp (st (ommd SLB don g5 SlBgS
oo 4y |y dlaio 315 (glon B0 ol yn o Bod anl glol > oAbt Sujl leie g (45l e el
P {eatS b)) Jhw glog caz 93 p Jlp & cul Gygo ol 4 oy il (Phb djlece colia ples g S
My ol g Sl e S 4 (295 Glor (b oS15 5l JWH wnlp ol ol e Caa
WD dled dt xSl

CRRYF a9 55 Sl
sk scalag] o lad )by 5 (S OWC o blodd bymo b)> glsel (g5l 51 oyloposte sl ilie sloJie
o Sy ke S SWidges andind (225 5 (6)55 Clllle (gatdgd 4 g e ) OWC ) 485 )90 Clilas
Sglize dwtin 93 (gl |y OWC IS (Yo +0) g ygus ] oaiplos] OWC  Sialingyiun clasuio alivlejl o oo
Ty EWl g o9 ol zge e Lulyd oy Ui @l Syl 025 (pypdj9e 62950 Elgel U Lyt 5o g
8 b Nl Al 0 (piored 9 e abaine (490 JLid Il 4 oxie cedg IS ] daioee (19,3 )Li (6355
OWC olfaws guwtin slosialy b (025 ©ygoy (Vo oV ()en 5 yse 93,5 (a3l (I3l 4 i b2 555l
ol g G ol glo o)l gyt 4> JS 5 Coles gl g sl olo)l B () p50 (2955 Ol 3,
ol 2)50 53 il 9 e oUgS glgel 13 (Suslindgyden 035k (Al el s He3 Ol Gl & Ky i

)l (ebatias 45053 4 Cons 65t 2,8os Slopld 433 (pioman 398 o0 )T (gl 0)ld Cualis
il Slan b 1y sy oo prbans ¢ sy 9l 51 05,38 (lgm i (65 (gilatediy Banly (Vo) o Kan 5 6
comis ol 305,35 g o pr 3llae (15 Jlade OI gas g il )3 alen | zge (sl ytol )l yusS b o)lgen 48 ol Lis ol sl

1 Oscillating Water Column
2 Sorso

3 Moris et al

4 Ram et al



VESTY (V)Y V€0 ) Ol (559 000 y3 4 pubey Gl (5)9U3 /05 9 uSle>

Sabrs g (21> sl YU & gy &S o Jsbo 50 o] Jltd Bllae 08 ke Sl 5SasS o)lsen Ol b 4 g, S Jib
Oil38l b as” waly L gt (dges (gilwding |y (e g sl (ljled aygly dlen | alrases wiin gladasuio (Y4)))
@ shd Sl dilolr (Salindg)dn Hl8) o8 00l (LS pizmen bbe GBI Iga (295 Ly E5 @sadsb 5 )
o)l 88l 4y (o390 sl lgn 3g,5 JUIS dawdin s cOWC wlobw (ad3L ial38) cla g, 51 (o o)l o] dwsin
@@k sl (Bl by (295 e jime (B 3 (LS bt (85 L () p3y90 (YY) (e 5 Bl bwss g9590
S 91305 39 00y X0 (JLYe g 593 (Bl Cumbgo (sl o SlaigS oo I (23 Ol Hgee
sl osuas ol 13 45 glgol OWC Jiwo o (clys 5lsi, 00 (S laussio c¥oles > (sliso 51 co3de 35 <, (Y- 1Y)
G5 (il 3 el 4B Sploxil pgd Alaye 13 (g 3 Slee il g alsye S )3 glgel Soliangrden (33 Jo 350 )]
Sy apShes 1 1y o st )3 g dgrg 1 (VoY) GhlSan 50155 Loy sl 48,515 25 390 chliseo (clodgy o L glgel 51
U9y S 5l oolizel g zge Jawe 5l Al abols i b ] sl s bl 3590 1) osdicaas ol o35 55 &S OWC Juwe
ol L (Vo VF) o)) 5 g dlis caiad ]38l (oob as B 1y Jaus 005l e ol yianw dusditn s b dizaailey oS5 (5L,
Sy ab Y B F 4 OT S350 ¥ Bl zae glasyl ¢ J3l jan j0 gl OOl (5] Jae 205b iSlis a4 sl 4y
(sl ool il slize 1 o] 53315, 0355l sl > JS glsel 8551 Jpuslly o 5 o & (Y1F) ol e 5 lalle
253)5 byl dise Jaee i3S sl |y 381 sladaee elgl ol pile

o 5 b b glgel il csimsd s oo 5 5l onlizid LOWC e Snlissginn 5,Skas (Y1) o et 5 cibols
4 (V) 0) o yo 15 L 155905 Ao puine 2Kiilo] (slaodls b1y 365 2ol 5 03,8 awyp Jdwo 035b p 1) coglize (slagge
gl Jde g b iolejl .cdls s asl Y/VO B VD Gllug 3455 039350 10 Zlgel L V:¥D wldie 2OWC )55 g (5655 adlllas
el 3 g7 YF oxdaw el 3 olfie 035 yS1is 45 3l (L5 oo s s plogl oxdaw ¢ 5o yke MelS cls 93 (gl
ot W g Vo 7k Bgyse g (o Sl el cad gl ) Jae 033l cadlllas l )3 (2l (il Jae Ll sl VY (590
e 2 glool (551 Jae (sl 1y 999y awin s Ul cooae g (AL gy ) edlatal b (VAVP ] an g g 58
235 &S Dgy gaudge Cpl odad i byl puls \ledges awyp bz S (g9y p odduai b g S i cdbs 40 ;0 OWC
2 e s oo 51l 23l Jago ) 3,Skae (555t G 1 (o 42 Sl el | Jage (53559 i
OhlSar & (Boars am5 SEalS (3l 0 b (g5 Jal g cucd (slaaiyio Wl o ol 2, Skas 29 2 0gMe (Sbgse (595
ol ) 3grg0 M b widgel &) cub OWC Ky shb clayite (gilodings sly oty Joo s (Y4)A)
OSar g el 5,1 s & e Il S Sl (228 S S g 03905 i |y el o200 o g @ISl
50 Blodbanss (Sdgge S 0 45 1) S0 (ope 0 OWC psin (65)0,8 J6T caltilof] g 5l ealisl L
5305 a5l e <Ky 45 G |y Jiso o) IS 035 o] ol ol by ool )8

S35 (2279 OWC 03]l il glael Ll o |y pn (SAdJl dmrir sty 51 (F1) et 5 S
My Sied o il gy a (VO e g bl by o Sl38l e (o233l yzalily cnl (al381 L & 0oy (lis
CiS g0 o) g Moo LI alye (e cJine o & el ygl Coline S (l81 L ol (L 5 sl OWC
b oo il dbaiee ) )i (S5 B I g 290 ok Ol Sl e Sl e o Colue Cams Gl L oS
oy Sitaslyy )] lodges qwyp |y oadaiilo L JSs 45 a5 OWC S Suoludgyiun 3,80ee (Y+14) o Ko g 2135l
OWC ias 21 e 2 (ool il sl (Y0NR) o), g 0315 (6l guateds dnlllan ;5 .S Ty G (6 yii 035b s a8
s (5120 53 (Seenlizd jUid g5 BB (ol 33l el Al dg2g 4 5ls (LS gulis D 4B () 2390 Elgel Blie 392 3
s2g BT alStalefl gy 5l oalil b (VAT ylSem g gl tiliio Sl31 565 e (287 il lis)) SRal381 L 9 93,5

1 Patel et al
2 Texiera

3 Comos et al
4 Fier horst
SHuetal

6 Simunti

7 Celic et al

8 Eshlin et al
° Raj et al




| o Sl (5Ll 250§ Ol Slwgl G T90 Jwe oy Wy S5

By ol o 035l daylgd cpl canlio lods b siiusles la gyl ailodges (wyp |y zlgel Joe yglome p3 (ol (slmo lgsd
o e glyl 6551 e 1] o bl 2 e (TS il 5 3205 (1 55 s
oy 55581 Jaee iy Camdge (s S 90)S S g jih 3 «60y90 adlllas o B ) adllland)ge Juo (s
Ozt Bl g o)z Sl (50Nl Dbl 4 a8l (6 S S5 i oSl 655 ) L Ll (e sl iyl ol 2 (S
9 o Canl BYZ L ol odelcanddy dingy Cusbge 13 0dds b Jie 3,Sles oy ol oad cilisie ] sladigy ) Cunbge
Y K b oS vy i 53 S5 53] S ] gl Sl i (ionhn 5551 Jin K (Y1) ol fn
S5 b oS ol 4 55,5 a5 (5336 ot b bl 055 o o S0Ss Y g 3 5 005 bt S0
el ol Gl Goo Sl (ol (Bli> (slaojl d925 o5 233l (3155 gyl lige (RS s 5 G133 Il (35
b 29 5551 Jae Sk 3l diio i)l 1 208" Ol 4yl Bos oS lulpd 50 izmed 23,5 0 3 Shes 29y cse

S o

R399
bulyy 9 S3wdae

Ol ol Sl )l latie 45033 (G Vb o p3 45 ol o 4383 a5 )y IS5 ot dladsee S5 yi5u opl )
oddodly L ) S5  olSiwd wdis Olaskin S o (65 Cas olgmdd wgli G 0 b Can b dsg b g Cuulygdbss
ol vy 0addll Cuo p (slaadlie (nlply (1S gl pgd 4 pe )5 4 bgye zoe ol g CundVL zge dlely 4 2y b
po> 4 ye Jooly bwgi (aghas & Wgd oo LI )5k gge ladastin 2gd e Jro>S Lo zoe 2 Sy Laulpd Clgisas 4l
ol edbad § a5 33 e (Cuwl sldicauog lawgl caliswe (slad )i gly Lol Calises gblie g e o3l Ll S gl
Gl & ygo s 3] o a5 )| Asles (pgd adpe ks b Ll H (63959 z90 £, 9 4 zgo sl T ol 0,93 (slyls anlllan
(VAAF L 0)

H TH? cosh(kh)
=5 cos(kx-ot) + WM [2+cosh(2kh)cos(2kx-2mt)] (V)

Lulgy b ome Jlw o oo W (93905 ailfo o U (a8 ailge . ol (glaggly (il 3 N 5 zgo 205 Kl os  loj t s

(VAAF ¢ pa)ail o Cud 0

_ Hgk coshk(z+h) (o) + 3H? . cosh 2k(z+h) 2 (kx-oot)
U coshtiy  costren e ok— o i cos 2 (ko "
_ Hgksinhk(z +h) (x— o) + 3H? _sinh2k(z+h) | 2(kx — )
W 20 cosh(kn) UK T @0 F A KT k) o @

(Y e o)) g Slog) Do @) j g0 gge slisl 5 (SaSTy aba,

Air turbine —‘

Wave flow direction B:ﬂ

NN NN /i{ -------- t

Free Surface

oscillations

OWC Front
wall

OWC sl (6351 dibor 31 (Sla ) S

ljetal
2 Din



VETY (Y)V VLY Ol (59 0,02 55 by S (5598 [ 5,0d 9 Sl

2
T 2mh (%)
= tanh( . )
F(V e WeSion )8 So) b canl plp (2 a0l p3 bl 90 3)55 0 ol ()b ]
A 9 H? 2kh
p =222 (14— [1+ : ] (%)
16T 64 K*h® sinh(2kh)

Gloa gm0 Jite Suolingyiun olg S o 5Ld) pdame dxio K g0t OWC 5 Ol ons o aSopl (5,8 L
(Vi) 5 (o) 355 o 05 oot lgie |y dlaioms J515
dz
_ P
Ph}’dipaba 5 (a)
4 Swolgyhet g5 s L OWC 035l Tooles .l aliima 315 3131 danw £liy] Zp g i 03151 D dop 5 ;L3 Pa &5
P
xS 8 S ol vrlio llas 5 sl 003051 4 = 0 el o) YUSKS illas 93 0 Aol €= (399 05
mn
(YW e oy g eg) cunl ol ol by iSlas & ol il cp e ool b ys Cillee

)3 pladjl ok 59N SoS & (g jlureiue

b gl (295 Sl &5 cunl (JLEST IS (gjloding wh)osl S al)d (giloding whaysSdl s @l plodjl w205
03 o ln el e 5 porde 1 ain)oS cpl scul 0ad (610 oSl WiiS (o (S5 (o29)S S 4 & plale 5l (gl
odsl ld plasl o )X S o odlitnl e (0,8 > sl cloin] lite S posae 3| w6l ol 28lg,s S o odlitnl aliwe
sodige Jluo > (sl 1l 02,65 ol .8l drwgs (VAAAN oLSen g (5 bawg g (Byme (VAAD) o, Sen 5 (oS bawg )L
bgooly slis Iy slgy Jb pd By oS > 38> caiS caa PSO 40,68l )5 )5 solitwlyyge <l plbee 9 gl 5y
ul).) d)‘a)) d9§” $9) )I ;b)s P )M:u WA o uLAAJ Sladlas ..))Sgo .)9> LY d‘w J&w <d)|9)4 ‘_ng9§.” J‘lzjsc\.{)kj
ol 1D )50 5395 il g o0 4 da g b l)d Cumdg s b o )8 oSNy (00 lyd )y g 039 dsluen

(<)

Bottom x

Flow direction

Bottom

UL’»J’ s duﬁéﬁfjbsun‘,du wm ‘SLQJ.:A[)L; (u)‘s.bu‘,: Cyukwdhﬂbk(;.ﬂ‘ YJQ

1 Mc Cormic

2 Buali and Larbi
3 Kennedy et al

4 Shi et al



o Sl (5Ll 250§ Ol Slwgl G T90 Jwe oy Wy S5

U 5 S b al> S o e yiag Cambge Caows 4 Olyd a8 Cowl pgmxian ]y elesnl 3, cpl (o5l Jhe A
0 51 5t Cadye 0)3 oty loj )3 ST 5 39,000 003 (ke Sy odelusdty SIS g5 L 033 2 5 N5jgel o o 3l TS
S o g ol b1y 393 )y (3L )5 Ly gotius 30

e sLad > SBLIST jglatady oS sl Al 0gdlly (slaJooly Jolds &S Cuner ol (JolSS Sl plo aiile 0256801 (]
b ] sl 340 48 s |ty Yo S (s> 03 10 &S s | il Ia g b b by ) o o | oglis 08 o3l |
0sS U &S xBas oy yihy Cuow Ay 0yd &S Jold aS Cuw laj 93 (glyld oy pl Dl o preua s (slad )0 diw gn (Soxim >
0,0 355 (gl cawlS oy ying &S Sl Cuows 4 Sl ] bdpoy o) 4 Camer S 13 0)0 &S xBse Cp s cpitren g 03,5 ClEMe
V¥V 5) B on Dl e (el |y Cumez JS (o 3 050 Canega g (nizen 9

Sy b g (Solad Opgo a Gl Ll )3 sy Gl 4 (2hcwd Cap & Sl g0 (s ()3 a3l w2)eSl 3 )8 N,
0)3 48,5 )18 9 0)3 1 plmle § CS > oS S i WMl oo Sy 5 QLS SIS S Jolye 3 digd e Bl Hho oyl
> plp o] 3 0)3 o CusBge g oy PSO )01 )3 395 (o duws e (8 s ps g Cupadyn 4y dgi b > Cusbge
ot TV ) sl Caman IS oo 510,300 L jblite MalS 03 sy g ity 3oy VATl il 5 (5) 5 on s
09)5 3303 b S0 &y a5 b s NS (00 )18 (gy 2390 Sl jlaine 457 (23551 9 (Sjln il O e als jo y (23l S
2 bl 53 395 oo Ao 09y 3 yulpe 551 ke 9 003 P B3] Cn e 9 0 duliie waly SIS pulye e cn e
Jaro gl aalol 3 b4 S8 )l 5,90 0,0 %03 b ygo it 5 g Al dails D (getue Gliite Ban 3l )y
253905 @ly] 5 sl ol 1) ol Sy 9 Xd 0)3 g 30,5 Bho gy 0y90

d _d
X =Xivid (%)
Dgdee jon pj Ay ©jgod Vd Cas
d _.d d g 8
Vi =viere ry (p-xid) +eara (pf-x) (v)

UJ)A.Q‘; pi WML k Ob))bd D))‘}?B%ﬁy&w pk ..)ypgoo.))g)& LF’L")M oA))Lo.w da)‘)ﬁl LS‘)’. kva

(Y"Y)‘c ul)&o&9d)95 (\‘\‘\A‘U)Lm))bw)mm ) 9 .L)"’ u_‘)lm] .)‘J..C‘ I’29I’1 "\5@ UL-‘H |)kuLo) ).) o).))m‘).w ;43359,6
Sl oo B8 &S Can | opl (eolgini g polae oyl 5l ool T doeis A Loy = ¢ = 2 a8 ol slpiki oV (15Ske Mg (sbiw 1y 5o
25 Oypodorbpdlol pd g ad 03938l ol 4 598 dla) ool g @ b g im0 )18 Eladlleos | Bum 350 o

d _ d
Vi =ovitery (pl-xi) e (pf-xg) (A)

W oS Slojly o), Ken ¢ iyl cusy opds il VF B /A o Cmnb o W ylaie 48 601 slpiig (VAA) Sl ysl g 5
s |y 393 BlbI 1> diugs Cunbige 0,3y ¢ oo PSO 13,651 55 s o 3gup0 b oo (ialS (gilo aige Anljd 3 Jad & jg0
il 0392 8 cnl 4 GimgR ol 3 silwesly Jolpe (Y1 recsl) bbon 395 CuBige 9 ooyt

ol )3 A atiS i jsboplen tMATLAB e s )3 i cunlo 4 dvgi b PSO jLosdingy vt ys8)] 5108 dawgs (il
sobte cpl & 33,8 gy 2 sl gl (5551 Jaso (23}l o5 Bam b ame (sl jielyly lojrom 5B B sl (] e g
Oz 305 o Sl aliis mranal (slayiito lsisar (H) (asls zoe i) () o 3os (T) 02,55 lpel 2920 sloyielyl
Doleo i 5 gl p3Y Sl (icmad 93,5 o0 o980 3y (s tio (6399 lyisar e dilalo 4y g b ()l S ol
degasne (gly oz oo balyy wll .0y, ddlsl 426 & 55 (g clls GYolee g A plosl (eSO alee g (g5lwdigg ol
ool g degazea o b puite

X={T,h,H,p} A)
f(X)=e(X)

1 Terla

2 Shi and Eberhart
3 Bai

4 Furi et al



VETY (Y)V VLY Ol (59 0,02 55 by S (5598 [ 5,0d 9 Sl

Lol (80 coudgizne) (o cls GYblae 5 (SaS dbleo (piin (Lol dolee S Jolis ol jobay dalllasd yge dli o
e, 35 88 55 > oa o8] Lalsy ol 2 3055 Bgly B 55 0 5 53,5 9m 555 e 4 225 b ol Boles
23,5 o0 (e yuite Sbayiall Sl g Sl bl (550 slacadgions) alins (gio Yol
Tmin<Ti<Tmax
hmin<hi<hmax (v+)
Hmin<Hi<Hmax
3L S PSOwa0 (65 )50y (sjloainge walyd (ol Ban sisjlodinne 2ps l (Ahb slayiel)l aiste ke (s (<
0l iy e bcueS 4 do g b oy plil il pre zoe sly Jiuo dlipe (S st Caps i o5l ol digy polis
ScaeS Ay g 4eS polie g s> WYolee LB j0 les (somimn (gl adgl Bagaze 30,5 0 3)ly Jde 4 cauwlio (sl 2959
23l (it 0dd (unggp S )T 42 W9y (b y iysSl Colyealuak Ly daclge adgl dilate (s Sl 2 013 (o]
23,5 Sla gge (535 e &S 39l g s> 4y glaigSas |y 595 sla el
51w | 485115 ool 1350 Cund @lo5 51 (olaad (o 223550 sl ot (sl il dinge wiysNl (o el (2
S > s 5l gyl dles Lol caw 1 odly lis (g5lw diupe Pluo J> 50355 511y 053 Jlaws SLIS @lyd plasjl w0,65]
Sl 355 o e dlivws Sl s sty a2 oo Sso 53 JSiin ) 395 o295 S 5 el (San it
s Gl 4 S 4 e )l baw i w0)oSUl e lie SlealalS 0)lge (pam )3 4535 392 (2 gite s3Sag) s 0l U
&5 b PSO iy i oms sl 00 3 yme Silosds  oximwcomo ol b @lyd plodjl ooy o8l a5 s @les V' Jodo 55 g5 oo
Ape e dtwiles  geday lyd pladjl ol oSl (gilwodly (gl odddaid e (goae US AS Dgu o sdaliie (w0l plos] HoShe Sxe
(VoA hen 5 cob) w5 g5 1) b
Soms 5 Sl N g

PSO {":i)ji“ )‘J..;.a 4..:“5 )\J.;.A sOR0s a)'b' cu dJolae
n
1/8raxy Y . (=0/NY ¢ 0/\Y) fl(X):ZXiz
=1
—Y/VAFA —Y/VAY4 (-0 c0) fz(x):(x2+x§-11)2+(x1+x§-7)2+x1
5
“VAVUVY A —VYAT/VYq =Ye V) f;(x)= Z JCOS((]‘H)XH‘]) Z JCOS((]+1)X2+])
=1
—AYV/40A —AYV/4710A (=0ve (0nv) f4(x)f-z isin_[[x;]
j=1
n
V/T00AX) + ~ (=0T L 0/\Y) &(x)z-Z[x%-lOcos(ani)+10]

b adl

Cand Bapb 1 e3ame @V lie Lo 5 IS Lo s 00501, s Yao9 5 Slwbone Jho sy (sl 005l die Coms 5 B
@ g Can 003 B (YOI e o)) 5 losy) oo bre Vs Kool ()3l 5 (il dandd 5 (Y15 ) Kot 5 ks T) oKty Lo
Sl &S cuolodgy (goaxio glacdls oaimd ) Lis ¥ Jado s | osiis &8l)] pin s (glys 00 (aw yp0 Jdo (i Come o o
a=03272.4M (la el )l adllas oyl )3 95 oo 4d)) 54 (siloaiaty oo gl Gallas g 00 Llod zge oo slo S
g oo 41,5 a5 )y calisco el sz HELN il yuis ol g slo o (BL ol

1 Pant



o Sl (5Ll 250§ Ol Slwgl G T90 Jwe oy Wy S5

ilise sacdl- (6l s OWC Jases 5 cwkin sl el sl Ol uds Y S

T(s) H(m) H/h h(m) a/h Lol oplet
Y 4 % ¢ VA Y5

¢ /A Y £/0 ‘/ov iy

v \ oY ) EA 140

A VYA /Yo 0/0 st AV

7 V/A Y h N VA
A\ Y/YA Yo /0 Yn% Y0
r A o/t v/0 Y Ve Y
v YA 1/te A oY V500
1 £/Y0 '/o A0 YA VAV

sl 0053481, PSO 2355 51 o0l b el 12 55 e 033 by Jseas (sl b altiino digy o ¢ (ill) ¥ S5 3sllae

& i (23L Ol )bses Billas (Cawl oadedly ioles ()W JSKS 50 digy 0jb « b YAy (gly ap Jlde ol 5l oolasiwl b

Sy m33b it T=38 55,5 ai s b 395 oo tdlS Lol g ouile ol Ly g el Lial31 859, Lol HIN s o) 38l
ol Z¥ ] Jlade g odlsg, VO el jd mdjl o it T=6S (48,5 Lai ol ccawl Z0F 1 jlade ¢ (H/h=0.3) 034: & >

e
ol

alodn e)".l..v‘ g )L/\j.ﬁ
w

0.5

033l agy slAda
o
S

o
w

0.2

0.15

0.25

0.35

JW@@AE}EJ‘W

0.45

0.05

0.15

0.25

0.35

UT G & o &L&.S)\ L

0.45

Cogr 235k (O) gy alaios o311 (1) ¢ HIN el )l o s Jks gy (sla el )y Ol Slogad Y S5



VESTY (V)Y V€0 ) Ol (559 000 y3 4 pubey Gl (5)9U3 /05 9 uSle>

2158 50 easedlaiwl il sluss Calisee pdlie (gl H,ST Ve 3 Ve s (6l PSO v ol gl S5 en 0gos F JS—i )
S ol )3 Fuw b 5o oS Clgn adgaome i byt i ;o) o lyd alawi dn yo a8 | asedi o . | o &3l (g5l dins
Syl glast il (el i o) g ge8 Pl a4y «ulyd slaxs iulsl a8 cuwl 3 @ p5Y iy o Sled IS er 4 (gy1eS

6
12 5.51
5l
_ 10
3 45
=
.8 3 4
j)' D
o
6 . 35
¥
3
sl
25
ol
L
0 . . . . . . . . . 15 ; n .
0 10 20 30 40 5 60 70 8 90 100 0 10 20 30 40 50 60 70 8 90 100
< - - -
LSS sl LSS sl
(<) ()
32 . . : .
1.58
3l
28 157
26+
— 156
241 3
3 S s
= 22 j’
5 .
3{ 2r 1.54
18+
1.53
16
14 . . . . . . . 152 . . . .
0 10 20 30 50 60 70 80 90 100 o 10 20 70 80 9 100

RGN P
) ©)

S (CJ) c“'(h;a) c\'(h..J) 0 (‘) saliseo C)‘_).‘} olas L_v \'db))b gl °J|J3| ‘5|J.!PSO @lﬂ ‘.;b;r.h i‘}g.:v

8 35 o

o o392 )5 gy o | sl il 1 (S lgisa ol oS 5351 3,910 5 ool (501 (sl dinge 3Slos altuu s
SIS 0jgpel e DLty we ol el 5 el ool S S Blgiedr Jare IS8 e Come s
PSO (sloyialyly 5l Jsd JB guls als Jos 53 g ool 423 1> o dige ciliSee Jluwo )3 (65t 235 5l sty slapi o5l
e PSO )8 5l o0l | Limgs ol 53 wotlodgs (ow dito pole cilisn (gladdld )3 jlo dtugs slontyoS ol slozg )
38des B33l oy lwsl p Jiee cnl s sl el ooy g sl 48,5515 (2b5)1 3)90 Elgel (551 S )L
G (S 5 gl oo b dlaimo G5 OWC g5 il o Jhe 03}l (53l dinge cptimafy o (6glsi sl ond ) Jaso
Gl 48,8 plos] ] dlatsrs sl digy b 400] Cuwd a4y b &S Canl lyd plodjl oy oS 51 ookl b eyl o

iloding s ol Lol G ol 005 sy 1 05253 5] IS 33 OWC (g5l Jiso aliioma S, slayl il anlllao ) 5
50 o35 el b oo 5 0590 L odig) ity e o 53 29290 Gl ST (39l s & (el (651 Jae el g A in
(Mgm) 389> g0 s Sl Gl sl (S| po> diye oo oo & joome o 395 (0 158 Jo ol 53 03l g0 (5305
dig dladazs 03lu] duwlre > < PSO 03,6l Cawlin gusly [l g ol 5l Jols guli ol oud pulais atadl 5 (gamgd Jio
wr3plx] adllas 5 Jie slal (shb olol el ogdle sl 0391 Sl M5 5 asls lesd b dlaies g5 OWC Jae (4l
2 6l 365 (lidiod dindip b duglio ) ] (i3l 48 sdelcaws 54 Z0F b ply b o yiae o (2l Jiwe 3,Shes oy
ol 0 13y s Lo gy digy b oy guls



i eyl (g jlwakts G2 b 51 O (Gwgi (g Z90 S o)l g5 S5

FaL%)

&5 Jhastw] cas ol S g g ohE p ol &b Bl s w (MYAN) des] ((gy02 5 edlen (g pupls cdild] w0l (o)lompad
https://dx.doi.org/10.22059/ijswr.2019.273724.668094 NAYV-1A¥ (A)d+ ¢ylpl S 4 ol Cladss, z9e

asllas) Jlygd ,Slwgs g9 5l lael (6551 Solowgs Joe (651055 dige CusBgo e (WWAR) L850 ¢ ol g ol (85w ¢ 3L
https://doi.org/10.30474/IMT1.2020.110562 .YA-YY (V) ¢ olys S8 5 Jo> Cotor (s i 16590

References

Alamian, R., Shafaghat, R., Miri, S. J., Yazdanshenas, N., & Shakeri, M. (2014). Evaluation of technologies
for harvesting wave energy in Caspian Sea. Renewable and Sustainable Energy Reviews, 32, 468—
476. https://doi.org/10.1016/j.rser.2014.01.036

Ashlin, S. J., Sannasiraj, S. A., & Sundar, V. (2018). Performance of an array of oscillating water column
devices integrated with an offshore detached breakwater. Ocean Engineering, 163, 518-532.
https://doi.org/10.1016/j.0ceaneng.2018.05.043

Ashlin, S. J., Sundar, V., & Sannasiraj, S. A. (2016). Effects of bottom profile of an oscillating water column
device on its hydrodynamic characteristics. Renewable Energy, 96, 341-353.
http://dx.doi.org/10.1016/j.renene.2016.04.091

Bai, Q. (2010). Analysis of particle swarm optimization algorithm. Computer and Information Science,
3(1), 180. https://doi.org/10.5539/cis.v3n1p180

Bouali, B., & Larbi, S. (2013). Contribution to the geometry optimization of an oscillating water column
wave energy converter. Energy Procedia, 36, 565-573. https://doi.org/10.1016/j.egypro.2013.07.065

Celik, A., & Altunkaynak, A. (2019). Experimental investigations on the performance of a fixed-oscillating
water column type wave energy converter. Energy, 188, 116071.
https://doi.org/10.1016/j.energy.2019.116071

Dean, R. G. (1984). Water wave mechanics for engineers and scientists. Adv.Series on Ocean Engineering,
2, 353. https://doi.org/10.1142/1232

Dizadji, N., & Sajadian, S. E. (2011). Modeling and optimization of the chamber of OWC. Energy, 36(5),
2360-2366. https://doi.org/10.1016/j.energy.2011.01.010

Fairhurst, J., & Van Niekerk, J. (2016). Modelling, Simulation and Testing of a Submerged Oscillating
Water Column. International Journal of Marine Energy. 16. http://dx.doi.org/10.1016/j.ijome.2016.07.005

Fourie, P. C., & Groenwold, A. A. (2002). The particle swarm optimization algorithm in size and shape
optimization. Structural and Multidisciplinary Optimization, 23(4), 259-267.
https://doi.org/10.1007/s00158-002-0188-0

Hadadpour, A., Jabbari, E., & Kamranzad, B.(2014). Wave energy and hot spots in Anzali port. Energy,
74, 529-536. https://doi.org/10.1016/j.energy.2014.07.018

Howe, D., & Nader, J.-R. (2017). OWC WEC integrated within a breakwater versus isolated: Experimental
and numerical theoretical study. International Journal of Marine Energy, 20, 165-182.
https://doi.org/10.1016/j.0ceaneng.2018.10.036

John Ashlin, S., Sannasiraj, S. A., Sundar, V., Kamath, A., & Bihs, H. (2019). Effects of power take-off



VETY NIV VE) il (59 0500 3 488 piy 510 (59U [ 08 5 SOl |

damping and model scaling on the hydrodynamic performance of OWC device.(ICOE2018), 807—
821. http://dx.doi.org/10.1007/978-981-13-3134-3_60

Kamath, A., Bihs, H., & Arntsen, @. A. (2015). Numerical investigations of the hydrodynamics of an
oscillating water column device. Ocean Engineering, 102, 40-50.
https://doi.org/10.1016/j.0ceaneng.2015.04.043

Kennedy, J., & Eberhart, R. (1995). Particle swarm optimization. Proceedings of ICNN’95-International
Conference on Neural Networks, 4, 1942-1948. https://doi.org/10.1109/ICNN.1995.488968

Lia, Q., Mia, J., Lia, X., Chena, S., , & Zuoa, L. (2014). A self-floating oscillating surge wave energy
converter. Energy, 230,120668. https://doi.org/10.1016/j.energy.2021.120668

McCormick, M. E. (2013). Ocean wave energy conversion. Courier Corporation. published by wiley,c.
https://books.google.sc/books?id=wkDDAgAAQBAJ&printsec=copyright#v=onepage&q&f=false

Morris-Thomas, M. T., Irvin, R. J., & Thiagarajan, K. P. (2007). An investigation into the hydrodynamic
efficiency of an oscillating water column. https://doi.org/10.1115/1.2426992

Naeeni, S., Amini, E. (2020). Numerical Optimization of Positioning and Performance of Oscillating Surge
Wave Energy Converter, Case study: Nowshahr, Anzali and Amirabad Ports. Journal of Maritime
Transport Industry, 6(1), 25-37. https://doi.org/10.30474/JMT1.2020.110562 [in persian]

Pant, M., Thangaraj, R., & Abraham, A. (2009). Particle swarm optimization: performance tuning and
empirical analysis. In Foundations of Computational Intelligence, 3, 101-128.
https://doi.org/10.1007/978-3-642-01085-9 5

Patel, S. K., Ram, K., & Ahmed, M. R. (2013). Effect of turbine section orientation on the performance
characteristics of an oscillating water column device. Experimental Thermal and Fluid Science, 44,
642—648. http://dx.doi.org/10.1016/j.expthermflusci.2012.09.004

Raj, D. D., Sundar, V., & Sannasiraj, S. A. (2019). Enhancement of hydrodynamic performance of an
Oscillating Water Column with harbour walls. Renewable Energy, 132, 142-156.
https://doi.org/10.1016/j.renene.2018.07.089

Ram, K., Faizal, M., Rafiuddin Ahmed, M., & Lee, Y.H. (2010). Experimental studies on the flow
characteristics in an oscillating water column device. Journal of Mechanical Science and Technology,
24(10), 2043-2050. http://dx.doi.org/10.1007/s12206-010-0621-z

Rezanejad, K., Bhattacharjee, J., & Soares, C. G. (2013). Stepped sea bottom effects on the efficiency of
nearshore oscillating water column device. Ocean Engineering, 70, 25-38.
https://doi.org/10.1016/j.0ceaneng.2013.05.029

Rezanejad, K., Souto-Iglesias, A., & Soares, C. G. (2019). Experimental investigation on the hydrodynamic
performance of an L-shaped duct OWC wave energy converter. Ocean Engineering, 173, 388-398.
https://doi.org/10.1016/j.oceaneng.2019.01.009

S. Mohsen, P., Pourfayaz, F., Shirmohamadi, R., Moosavi, S., & Khalilpoor, N. (2021). Potential, Current
Status, and Applications of Renewable Energy in Energy Sector of Iran: A Review. Renewable Energy
Research and Applications, 2(1), 25-49. https://doi.org/ 10.22044/rera.2020.8841.1008

Shahsavarizadeh, A., Zahiri, J., & Jafari, A. (2019). Effect of the Back Wall Draft on the Performance of



| oot Sl Lottty 32,0 1 O Slwgi giow 30 e ol g8 S|

Oscillating Water Column for Wave Energy Extraction. Iranian Journal of Soil and Water Research,
50(8), 1937-1949. https://dx.doi.org/10.22059/ijswr.2019.273724.668094 [In Persian]

Shi, Y., & Eberhart, R. (1998). A modified particle swarm optimizer. 1998 IEEE International Conference
on Evolutionary Computation Proceedings. (Cat. No. 98TH8360), 69-73.
https://doi.org/10.1109/ICEC.1998.699146

Simonetti, ., Cappietti, L., & Oumeraci, H. (2018). An empirical model as a supporting tool to optimize
the main design parameters of a stationary OWC wave energy converter. Applied Energy, 231, 1205-
1215. http://dx.doi.org/10.1016/j.apenergy.2018.09.100

Suroso, A. (2005). Hydraulic model test of wave energy conversion. Jurnal Mekanikal, 19, 84-94.
http://eprints.utm.my/id/eprint/8252/1/AriefSuroso2005_Hydraulic_model_test_of wave_energy.pdf

Teixeira, P. R. F., Dawyt, D. P., Didier, E., & Ramalhais, R. (2013). Numerical simulation of an oscillating
water column device using a code based on Navier--Stokes equations. Energy, 61, 513-530.
https://doi.org/ 10.1016/j.energy.2013.08.062

Trelea, I. C. (2003). The particle swarm optimization algorithm: convergence analysis and parameter
selection. Information Processing Letters, 85(6), 317—325. https://doi.org/10.1016/S0020-0190(02)00447-
7

Xu, C., & Huang, Z. (2019). 3D CFD simulation of a circular OWC with a nonlinear power-takeoff: Model
validation and a discussion on resonant sloshing inside the pneumatic chamber. Ocean Engineering,
176, 184-198. https://doi.org/10.1016/j.0ceaneng.2019.02.010



