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A Numerical Investigation on Energy Absorption from Irregular Water Waves
using Bristol Cylinder
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, the performance of a cylinder absorbing wave energy from irregular incident waves, as
Received 12 December 2017 one of the renewable energy systems, is investigated numerically using complete solution of the Navier-
Accepted 17 February 2018 Stokes equations. For this purpose, the control volume approach in conjunction with the fictitious

Available Online 10 March 2018 domain method, for modeling the solid object motions inside fluid, are used where a two-step projection

method is used to solve the governing equations. The results show that despite the cylinder absorbs

Keywords: . LT A . A . L .

Bristol cylinder energy in two main directions, its energy absorption efficiency in irregular waves is about 8%. Due to
Nonlinear irregular waves the employed spring and damper in these devices, the system has only one natural frequency which is
Wave energy absorber the reason for its low efficiency at irregular waves. Results also show that for steep waves at deep

Fictitious domain method

" L waters, the maximum efficiency occurs at larger spring coefficient and smaller damping coefficients,
Energy absorption efficiency

while at moderate water depths and wave steepness, the maximum efficiency occurs at smaller spring
coefficients and larger damping coefficients. Therefore, to reach maximum energy absorption efficiency
at irregular waves, not only these coefficient has to be adjusted carefully, but also it is recommended to
use multi-resonance systems or several cylinders with different natural frequencies.

St 385 Jo o ol (555 sl ol i lyel 53,0 59508 docio -1
Yol Lo yiws 4 a5 pladll aiile) Wsd co cuad Jolo (S0 j0 a5 H9bed e G less Slie p Zlael (6550 i Sl 5l alisee gl
oS Sl 3l S S oo Wl |y (ol i gy B gailie T(Wisdioo L Sl cnl plealy S e I Sz e S 4y Camd Boyke b
lgtal S oolanul glyel (59,5 sadlie 93,0 5l Wlgioe 6550 sk 4 0 a8 Slian 50 el Sglite Wigh o o ] 3 &5 Sl e sl
Jgm p o821 511976 Jlo )3 Figal bawgi Jbomlsl & wdlbigs Jsimy adlie o j5lid slacss anile) Wisd oo cuad Groe slac] 5o 5 Sl |

2 Bottom — hinged flaps ! Floating buoys

Please cite this article using: 2 Lod o3l Jod oyl 1 o ol 4 glonyl oghy
M. Saadatinasab, M. Anbarsooz, M. Passandideh-Fard, A Numerical Investigation on Energy Absorption from Irregular Water Waves using Bristol Cylinder, Modares ‘Mechanieal
Engineering, Vol. 18, No. 03, pp. 429-439, 2018 (in Persian)


http://mjmec.ir/
www.SID.ir

O 9 uws (Sidlew Yl i

Uy p3 dilgianl Jaangs Sod jut @binls Zlgel JI )3l mda g33e w)

l Gas 0 5 e Hle 28 ore e 14 Jsb & (rse s ) S5t
olid oy S50 (8] wgis o [7] 5] ool oais plowil e Lo 35
wlgiwl o Slos ganle gl 1) 055 B0 MalS oz (5,555 a5 wols
ol edeams oo cuss SIVL (555 b platel 5 plie glsel po Sy
o e Sl SIS a8 cl (a3 (6985 geaniSsgae Dlod
WS e 2P b gl s 25z e ]y bz g S

S glagileans o s SIS GBS s sl ml Gy S
o salexr S (3,5 WLl igd oo plnil gl pd Sl 22 Sl n
ey ol adlge 1101 gy g0 ypns alady 0 S50 (5,05 L alie
3,90 [11] (l)l5em 5 bl 5 [8] Ggoo aloz 51 (6 jlomm adizes Loy
Syge I3 ard et gy (nl (hel S el a8 518 eolanal
Ot e ol (028 @S 425l g yee alaily 5o ool
ol [11] (Kes 5 cuybl bl il e 39390 gzl ,3 S0 oy
Ptz JB Caxbad poe Wlgice )0 cuyd e gl o5 il
ols oylas [8] 0920 gy dlginl 550 10 Huizmes S obml mls
o S J5d BB b gl (it sl gy orl Sl esliul oS
abod ja 0 S0 (e e wilgiul oS Lo 4 &dly jo S
Wlg5 oo 550 upd sl Sul lie (B85 S 5wl oo Dglate
ot Sl ey Sl nl by WS Gt G 4] glsel 5958
bt glosl )0 ez 5l il Ll 5o Jgte » allgiul 3 Slee
e yo0 S 4 (5592

Jo sl eslinal b ol jo ggyke Sy alyil (18, (hgsy ol o
[12] '(s3lme Jo 0392 235 b o] S5 5 Sl gl Vol JlS
D9y ol el 00l (gl oe o0 Do 4 el ez Db, g
oty g (2l ee Lawgs oud Sl gose by, (GaBlanwy Jae (gous
e g 50 bl sl Jlw by ilednd gl &5 w0 333
Zloal 30 o,5ed 5 jgmmyuie Jawgs yidn g [13] a8l anwgi S oxie dal>
[15] o)1 5 (ool cpimmon [14] cosl w85 (15 ujp 590 phaie
655 o3lr g 5351 i pleal, G388 gy man ) osliz L
B o 390 plaie glyel jo 1, by B 4y Jate (65,51 D3l 5 (sladaiis
ool glaal 5o L oulsl sl aSgoae gy el ) eolizal b ol
Jstmn algal o)y Eloaliss e Olsies el ol oolinal oz 8
35 S¥oles ol U 51 ool b 10l oo g3 5o 55, slyls oS
Wil 0 ,8koe (91 izmas 55 asloe Gloj 5 2 50 WS gl
O Sl AT 3 oy 3590 (S et platal glael 2l 53 Jgm n
aSlss Gl ol sly et

S Luld g o b Y Sles -2
oals Lad "2 S5 s sl Slugse baws gye Sy pilSe Sled
90 0 a5 wil oo (Le X He) ol 4y e J> (509> ol 0l
WS 5k 0 Ld2 5 Ld1 sl b 4 gye soniiSTye 4>l 90 ol Sk
5 3lbee sll luzse oo lis a5 soklr dxis ol oul
2o Jleel bg sl 48,5 )18 o 039> cor Ceows 5l = Xp (sl
ssbte Gl sl s e 1) e Gl g wyi saly oo
e Sawl oud (giluaned > so392 )0 sl jlugse b oS >

! Fast fictitious domain method

03 o los 18 055 1397 slsya (e Silse uwiie

- ailgtal ol oad ool (Las "1 JS" s a5 jebolen (1] o S Bime
2 Bl Oyg0n a5 gopls ghie b glailgial jl csl le Sy
D5 s Hlae byo s 4 (65,531 cudils y Dliges g 8 Jlas! lawgs 5 ol
W s gl il 35 g Sg,0e

Sl 5098 (nl oSdes cmin lp (b5 )98 S Bl
Ao,0 100 i Gl (g 555 50 aS sls las g 0,5 &l Zlgul (65,1 i
L3l olSl g [2] o 1] o ls sgag gl ol 51 ooliial b zlgal (65,
Lgs).ﬂo ‘_gd;‘j...u‘ )l ‘Sld))Jl &= aS asols UL..; G!a> S5 )l sslaul
-dilginl 0590 40 cdlas cpl ol Hglis alolT b ol olgs g cos S 3L
ﬁéu.al.fgMﬁ&j&&?jo)é@uow‘ﬁgﬁébydfd“
J1] el Bolo gmreasl suds Jles Cum 98 55 Sy

30 elee a5 ;8 Cal Lol polae lil 4 aS by lis 3g)
ples 9 005 Bl 5 1) 5y glel OlFier 62,95 0 Toe Saluw 2
Jels S ) b 4] o 5 Sl 5 5 i |y e 35
el aloxr 5l cilizee slajeata il (Jouils (b 6595 Sl 6595
o 1y Jympdleial glesily p jadlew a8 g zge gl )90 o
Gl lginl o Slae iwshy ;o 5] OLSen 5 965z j Cpizran (30,
wsls 5lis g 03,5 (w2 3590 B9 9 solid S g3 3 | lgel (655
95 gt slosily 51 By e gl Hlossl, il slazge Jsb o a5

B 58 o5 b Bl lyel o3 )l5 5l )l o 95T
bogia by o5 65 b pliie Glogse slp 028 @l 5 (b )9
Zloel sl Lol (i 1) [B] g pe iged plgie ) ol o )18
5 b e Ol o 4 csans 4 Soop Ll i jo g ob 655 b plals
Sl p Ll 5 (225 @S om 2y JB DB e SIS
5 Pnl bwg ol o2 glagilel o)l sszy s slacs,sn
olKails ;o [8] Lwgrs Lawgs g liwdSil S ol olKails o [7] o 5o
S 53 S ol o8l (o Lo iolej] el ool plosil liadSSl g
485 Jaile 60 Gee 5 faile 30 (e e 10 Jsb 4 (>ge
Lol ol fal;.;ﬂ Wil oo ot LA ,> 5 (G508 ‘sﬁél S5, oK
sl 5l S 9] Sho il o Shae (cuyp sl o ysbas olfws ol
CJSP L5°}l?‘ 9 | e.&.‘\'a)f @l;.la (CI}A| d))"‘ ol LsthA.;LaL..J
olfiils jo b iolesT ams oo |y (ciomy 3 (50508 (B8l Sl ,0 Jitue

Bristol Cylinder

Fig. 1 A schematic of Bristol cylinder.
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Fig. 4 Time variations of the total absorber power by the Bristol
cylinder
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Fig. 5 Water free surface evolutions and the resultant motion of the Bristol cylinder
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Fig. 7 Water free surface evolutions and the resultant motion of the Bristol cylinder
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Fig. 10 Power absorption efficiency of the Bristol cylinder as a
function of the dimensionless damping coefficient
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