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ABSTRACT

In recent years, using the offshore platforms in deep water locations is increasing for
extracting oil and renewable energy. In such places, the harsh environmental forces of
wind and sea waves cause vibration and instability for the structure. One of the
optimized solutions for the reduction of vibration is installing the heave plate at the end
of the platform column. These plates induce damping and added mass in motion
equations of the structure. Therefore, deriving of the hydrodynamic coefficients is a
requirement for obtaining the platform response accurately. The present paper is a
comprehensive study on published researches and computational methods of the
hydrodynamic coefficients and their corresponding effective parameters in a classified
order. In the following, the drawbacks are pointed and new suggestions for future
research are expressed.

70


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

e GRS g Sl panze ey Gl (sl ool sl o
Slosle bYo a adl as cal (6,50 ol ,950] caw sl b
Y slaojlu sl )5.7u1 ol pgs Jo oy (gl s clio
3 loslo slaasix 5l (Jg aao o 1ol ) zge 5l (BL S0 20
S s b s S 5o, allol g > ol sliul, 4o
5 55 slaad cle 4 af ad sty s ojle lagysie analy
IRl Fge oy K03 Bkl g e (ol s S ol
ORI [} FPCHNUI I AV A FERPL RV
@il GRIBIL ) ojle (L2)] el anals olering ol
2,18 0 a5 Jou8 L osguze j0 (Soling,unn

S5 Wi go Lo Sl 4y oLl b slaosle a8yl
Gl d e Wl oo SzsS S o e b (> ol
3995t (Sl p s Fabl S (Seealindgaem (oliee IV 095 S5
2 3)ly Seeladgyaee Glog s (o p ol Gl amels (38
coad b slogyg ol jsb 4 g o 50 G yke (Slugs slaojle
43)9 Oy ] 005)).._7-‘ LSLEJLM;)& J...u) o9, ULL.GJD )lj.a.v
a e 45Lis Tam slagys lse b oS o a8 gloaiST s
LE] ool 3 slasSn daosls (5 gTans sl Holis slaasg 4o
s sbole sln S slois 9 gleel 6551 sladae
IS 0)ls 00,5 o 2857 (65, 'S e (5 5 Ll B o0l
dbu}"‘" 53] 08 [t} AS)L’ ‘_gl.md)a 6)L.\§‘al) AR (0 uLmJ
L S s 40 o5 ol e il & 50 Gy9" olsie 4 losS
Sl R Sl 4 Cad g Sy Slilss ) Caenl @ ax g
ooliil 3,90 502 gz o olil | tals Lol s L ba s
S o0 )l 3

S gLl Ao (g% (glogyginw bl 50 gub S E,9 - JSCD
(8] ool 3 oy 595

55

doddio -
b ogildl 5 bk )s )3 (5550 @le 3929 alanlyy 23l laJlo 5
55 Geos el o Logare S p pslids laojls el 4y 5l
L Lo gloel 51 o5l cedlsy slp baojlor cnl ool (88 4
DS (oo )8 esliinl 3550 (Jend slags) Sl glpal g ol
Ui olfis ol i slaiyenyss ojlo ol 51 alalis
lp a8 s T gl e 5 T 288 a3l Ll (slagSs (55
sl yo s g 518 2l Sl s 1S @ g0 5 0L (55,1 s
Ol sl eslaul jo 89250 slo il 5l (SG Wigd o ooliiw] aes
b Ll | oM s s sleal 4o Logass L) 4o LaoLa
(S sojle Huiz 092y bl (Jaome SG 20 slag s |
S,y (Seslus glaasa Hla abais sl logas 385 )b
Toe bt Sl e @ oo a4 (65908 5l i
5 S aly slagSs )0 Clondls B Jol L T oudlS 8 an2)
G55 2,10 0975 522 Lz )0 WalS o8y ISl Lol (55
o8 00l 0auiS yion slayaail alauly 4 BIS oS 4l
oo Sl Bld 5Ly gee (Bib ol (VL (b
Toe shol laidu ax STl (ouilS B iz lpiome b plaels
Jo o Ll )l (655 aals (Lol sla S 2L Jgl 4o b
5 o8 anels b olacS 5 LIS e oo adye il alaulsy
oz boplp g ol as e slaidn Glagnls 35l 55,5 (oS
el 000y ol el SIS 3L o5l (g3, 45 Cansl Lo puilS 3 ]
ol & (S S80S0 28 S5 5l (plagide &5 358 o
0 1wl anals 28 Al sS smeb LuilS )3 loke
318 8929 bl (655w (sl s alive Lidou [V ]l o 5last
- it 42 5 58 cdle ol o ls (SaeS b LS 313 a8
mo3 obml el 658 sl 1) i Ll 8 izse Jsl s e slo
=58 Gls pgs 4o GlaSe 2 (Sl Bl 5l Lol as
el a5y pdy e 5yl gl 4y gla il 3 glis o5l a4y
o8 Gl Sl (See Lol Canl SzoS o il SG 8
o plp bl (orlo (WilS 3L Lo il 3 J2li5 51 (26 Sz sS
O om0 GBas Se 085 sl [vlanily gl wass
Ol oS 5e0 s Ll 1 (Sl piacns Wl oo LogSeus
el Bkl g waas ddle o ale Sbml Bk 51
Spdy oo D0 03938l oy Bl L osle (a8
il galizee slo jisn a4 ol Cely LAl auaid sauay £43
Lasgs ol s JSiin (nl @3 sl 098 0 Sl e 5 500,
s Slpitn [V pslols 5 s

lyel o n slesle ek 32 p 005 590 O

b s S 9 i el (F

@l lB (7


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

AV-£0) A Ll 5 5l (P20 3l Jlo b )o (gwdigee 4,85 [0l (s 5,301 434

P Sde 4 a8 Sl Vb g S B L S (o82S Al
S 50 63k (SadS iy <od ol e bshs YU wibs
ol 15 o @38 gz o (T Sy 5 WS o0 )3 (5050
5ot sl G5 o3 (sl ) lagSls ol el 457 ol 1
SialS 13 05 adgi 5 gylim gl camlio Sl sl o
039 aiza (! ;o Glaizme (Lol 35 a3 (31 gz o Ll wlils )|
3 Sl oo lagS cnl slaggin n5 (B S3L 55 ceal ol
Jles!l ol yodle 085 ol (ialidl el als 5 oln] 5,0
3310 9579 ) s (sl (S i Sl 009380 2
slShy mhs slp s b6l Glae 4 Wiy e a5
ol 8 ) Sy S B s aslil i (Sealiys
S e Sy S5 > dslas (S b 4y 008 e (b
g2 ((Sgul (zpw Sloz j0 golil Ao 1l Aol S o
9ho0 Olo ) Sjge 4 loj 0392 )0 &5 Canl g 9 Jg) sk

[M]{x} = {F(©)}

= {Frroudxrylo )

+ Fpirfraction + Fraaiation + Fstiffness)

P Joli o sl 3l oy golil 4z 0 (i (o il [M]
S o ol Slate slojge Joo (s0y2 (il Olos
sloisn Jols a5 caol 6 X 1 Luple Sy ,olis 4 ol
Fstifpness «cosl (5em 5 (oniadd (3,8 B9k 1S99,8 (05508
3 (o] IUEE SR DT SOV RO [P C SIS - P yoe
b edlig (e 5 slee (o abals 5 9550 S5
el (srinis g s Fragiation 9% s sbml jeoul maw
Jhvs 10 o &Sy dlawly a5 Coal Ol jo il o e 4
5 Bafh} almocs o b bee glae s Jols 5 wilce 2575
cadle b lag,s ol ol (Mg{X}osss8l o> olbis b 5Ben
(ot o 3] s g ce ol Wolee Cenl) Caews o e
a9 8,8 o )8 Aol G o 0 Cute Cdle L Lo 5 oy
o s 18 Sl Wil @ o 51 55kt 55 S en
o3l &S > g bl sl (o2l JS 50 W s (nl 058 o0 a8
o0 3,k o 3l B 3,85 by Fpifpraction e
alaxdo BB gur 595 Ol 53U oy 45 Sl o 4 (69,95 2
ail alisde LB zge Jsb bl 0 pe obul & ol
@ 0,55 gy kb 5l L6 Jbel 6955 Frrouakrytov
Sy sy 385 (csil 5l an 5 > alolas I el oo
Pedse iye (V) abul) & )90 a4y (aini s
[M + Mg J{%} + [Bgl{x} + [cl{x} =

= Frroudkrylov/incidence wave 40

+ FDiffraction

44

Point Absorbers

Buoy

NN

Sleeve tube

Truss

Heave plate

P
/-

Heave Plates e}

(Ve 8] Lol (Gg5w 33 0 cucti gud (9 -F JSi

35,10 8 5,57 Gaae glal o 50 (65,50 Jlaswl b e slilass]]
P 4 &S s (ol gleojle jlidaes 5 kel 555w
L @8l amio o Ol > logase Gl Sl o Ll ol >
Jols sl S o oy Gk (69,95 2 30 S50 Jlos!
s )3 GBS 4l e 325k 5 oS Sl e il SO
Coge D> dugi 4 A5 Ol D g 5B S (0 Wpaid ongay
m03ls 5 yglidiass (555 09d 00 53y 5 slee i )3 o]
S, 45 Sl (Qlapygiily 9 gt Sl eads JoS5 o> (]
S35 D9 ca dgaze Hlae bglas &b 5l il Slg 0


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

B9 Ol 0,8 vl oy S, slog s S 3 l (6ien
&b o) b 8 et 5 2l Jele 90 Jlosl L g
sl A5 36 o3l

0l (551 b Jone lsil (cnr 55 508 g 45 Cal TS 03Y
Joes g5 0l 5o (Vb Y US)asly axdls 1) ouisS e i
3929 Wb (S ) Vb g (ol Lo yi) b (i5u 98 (50
5 9,5 0 58 sedls byl G el idu (g9, bl anal
S o 5,08 olas )| ki dygr llogs b ol yad 35 S poxie iy
S5l sl a5 29l on Jloe Lyo S @ eail Gk 5ol
Oi5 1 4 gap (81 SB35 S dlagygail 4 00 g sl s
Slml b ;% S5k sl als 5 adgi b g 55l Sed o0 Jate
b o sl olals )l Blie s pglie (5955 00933 >
Sl agly 53 52w 5 Cal )0 58 B N 35T 00 S5
SO 93 (o 2lmlr 4z p2 000 ) 00938l 02 g (ol e
St 7oy SerSI 55l aBl fin e 4 Cad 0l
“Jos 5l sols gl )0 g 559 a5 Cunl o o ] ogs aales
(ol Y US)asl azsls |, soiiST e (b wls il o
58 00938 0y L B o (65531 Joe 55 0l 59 922 G35
ol,8 Jlade 4y a5 WS o a4 1) ojle ande
S 2ol g wai ge8y Lylyl al 50 09h S0 S
Sls sales bl sads 6550 Gl

3 9 3)9 03938 2 5 (e )15 L g Coeal 4 az i L
lpd G sl ook et liie il ol by
polie ol as axsl o Lyl aslesls pll 5o 5,5 Soolinog e
s B 2o ] 51 gligms il S o0l syl &
o0 Sl UK coliles,) arals ¢ uilS 3 gy 4 Coslies
Sl )3 Gy G abold (S 50 4 (S35 9 whaw S0 4
d)lMAJ ) as 00 e S ).».A‘)l) 99 W w9 G’L"\"} w‘;‘
a0 s o 4 A f g KO 0,15 0929 00l piitin Slaiss )|
2 Doy A g Ml Ghaipe 3y DL LWl 8 g als
Aigd (g0 hy 2

D%f

_ 2rA _by ®)

D’ 9

KC

ST g bzl lalas)l by, 90 4 Wl ge By Salipdg e
OlFer &5 bl wlols)l g, o L.w Dgds 00)5T RY
=390 polie 4 e 0,5 cwy ) alie o uilS )3 g laaisls
50 By l3T il | o9 o o1 Slilas )| > & i (55
moldlas jo lidse a8l o Bl ol aiels g ol ulS,S

A

ol 3 1y GBS beSw (i p 58 (B9 el S>3
Ol s Sl 553,35 o [Maoosidl oy 5 [Bal ol
O D95 o8l (GBS D00 4 (59 45 gl (] 5l a8 el
5 dolas 4y 39 nl 5l (SBU 0ol Wl 03938l 02 5 2o 36
8 g el osdle Lo 5 b 3 g 0 550 25
Slagly Sz 53 00933 (02 (ol Dlos 5 (2l Slml el
Seabadg; et culpo @8 Sl 6l 0sbo0 o2 g e
e 488 Sl 50 39 SG sl Em 9w hoS LAl Wl
msitwosls b 98 B oas Ol Ve peled jo Sl 2 4 Ll
a5k 4 slagly g g2 Ca o Jl Sealindg e ol o ol
NVCHENTE SUNE JEERCTI S SRVIFC
@b slobyy Jalyd o Bk lcwlaid S8 )
shle o o)y Sealugynee culye ) &5 )l 32
el o 435 ol b imgy ohms 5 g el LIS L
ek 5 5] G 85 e o 3 8 sl sl
Sl gl el oS ol 039 b imghy (6l )3 922 335 S35 T30
03,5 lay Oged e jo (g )Ll Sliles )| (S 3 & g0 4 g0
argd S5 Gl a Sl polid 5% Gl Jolow pllie ool
4 anee Olils )l als 31 ol Soluog e ol o a5 s S
e 4 a2 b s by lade 4wy K08 (Sbe
obe Llow > oloy by oS SO il )l aisls oo
03938 2 5 olye slp Sl dae S (85 L o L oS >
)08 0igd H1ST Jo & 5l 9 098 380 Gy 4 e Wl e
S9d (Pl S 4 e dolas ;0 (6395900938 2 9 (2o U

Al 03938l 0> g ol polie lea b ,blis oS
335 555 o 3 Sl 9 0 4y ol o o5yl 3
ol slr S3b Gy Masl | el Szs8 e S50t sl
Sz 5 e Gy S sbead bl el e oslinl
"0 @l S olnl g gl Gl Seb §)g w2 Sges
S )0 g oo I (39 gl 5l (olim laailo 5l oo
aidly Jiml (Shgs (st 6551 0p90 w15 (63955 5551 5 lade
lale,)l s 3 cpas a5 s oo Jlal jeo alols o Jlow 4
Tl aials als 4y jonie oals W ol e 098 oo | pao ol
Sl J o cplal wales ol gl g ol Ll )l oS >
Lulr Gy ol Of (golaie Jlws ;o 3,5 Slals )| plSin a5
Loggie (i yo 05l b olyon Jlow 5l (g0, puilmler 090 o0
ol ,8 rals el a5 wes oo iulidl 1) o5l IS Jolas o,
Wl S¥olas ;o 00938l o> sgpre aidl 0gd oo ol S b
g el 5 i ) 5 s o5 s L 5 ol 02
oile (ormb (W als )5 pledl 00938l o2 3529 4
el placdle ;o Wl oo 928 39 5l (SBL 03938 oy alauly
Aholh il o 58 5 9 o LA el ials


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

AV-£0) A Ll 5 5l (P20 3l Jlo b )o (gwdigee 4,85 [0l (s 5,301 434

Folil @ 508 (Sily calps ool g ols (las (KO (s L]
IRVGRIK) (ﬁ)uﬂslf)é
calps G, 1y 0sr Slivdss V0] o) Kan s I g [VE] i
2 S e ol ploxl B9 ke 902 (S35 Sslidgue
dglio 0l &Sl1 1y e+ V8 g+, 10 (gl by ooty fate S
600 sl b as [Wgls 5 g o Bls slaail b Ll mbs
u.«s‘fa 6‘)" LgOLu‘ uul.:.u uylﬁ Qlw MCL: INTY W) fl.’?u‘
D Sl dg i
gl Seoliyogyonp calpo g5, goue Dldlas (gl 51 (S5
ad 1 Cpaizmen Ll o alowl [VE] 1L 5 6l oy s
9 W3S eyp Obyz Gl 0 ) Se g ) 5 e
walsl 1o .050,5 salive |y o5 KC jo s> asls 5 a s il
S O (835 b5t Ly slag s DVIGen 5 936 oo
JolE gy 4 Sl gl SVolee Jo b (o2iS 4l (g5
99 50 gub ol pe 3l Foliie slo Fig b 035] Cawdy dg0me
89236 < B < 50.001 < KC < 1 osgiomo yo Sglicie o35,
9D ‘va..uo 65).4.: ‘[‘,5 LSLQ KC B ;bd)f PRV R 4‘35298
P KC ol 3l b as Jo 0wl e s ay S s Ol s
oo Y (65985 005 Latine (aizmed D5d o0 (S s W)
S Sl sgazmal Jobo b slo pls algiwl (o8 wlul 5 aS ol
)lf)l.w ‘QS ‘SLDKC)O L;ls.’a..a‘ L.M.: &9 M ‘_g‘).’ 04
i D) 21 /(D /T)as o5 KC o alos a1 Lol e
ol Geb s 50,5 Sl G o LB (wlgiul g0l Ty g ailgn!
OFB I 03 Jloel 1) cb (wlidie (98 o Ol (o0 G
255 93 )3 95w (gt 5o Sl 922 (2o eSS (Sl elide
A ol Gglaie
DAL 5 b als S IS8 i ogou osaliv lp
Jolis g, oobol 51 i goue Jo 5l ool b [V4]

'Y

S g ailgrnl & Soluog,dun ol g by dgue

S sl laasy wiols 518 oy 05 1y T sl 4 Jae
Obas 095 5l (Selite )3, ol ol 50 a5 0B svalin L >
SIS s, Y b 4 s e gl Mie ol e
malo S L ad S jleael 0gzgr slaals,8) 0,1 g2y T s
oo ¥ Hhd 4 culbs s gl (Wl LBl s ad sl
@l ) 0255 Ol b dalie )0) sl T LS lads S 3,
03985l )b 5 wsd oo brlr (65990 alold 4 laals 5 s
Glals 3 w5, o0 0) Gl @ el cacs ¢l p (Gl S
loals 5 & ,505 o 99 b analiie ;)00 092y Vapr S
alllae ol 50 (39,000 YU (sloanal B yobo 4y JSmw o5 99 p2 )9
Oyl O ygo 4 (g9ges dilgiuwl oS > 51 o6 o slx] )b >

£

Glaodz ous i Oladxs 5 (5,90 b pole dsllas jo Liwl,
by, & a5 Ssbee Ole edel ey @l G iege |
SV Sy — ety b dsone 5 (LD 0
S ,5 (53, 00 ploul Clalllas a4 lS .l 0uls ploxsl ((Slowlxe
a5 0,5 el S i A 0 oleiee 1) 0uisST
Do oo ke dslsl jo Slados pl o yiege 1 Slasds
iyl iz Soaliyogyind s (53, o Slallaa O
Ll 00 lob;.i‘ 5D (3,9 4 0 i
S Sealbzsg o olre 59, Bro a5 alaiagsy (V
o955 e g by 5l slall bosee s S
el 428 50 O g il
Jaie 522 3y Seolsgyied sla Shy o Glid=s (¥
ilos S aslllas |, ly90 kel jo ailgnl 4

Ol )l 5o oul o §)9 9 dilgimwl 59) widlao Y
s

b b,y Seeludgyied culpd (o) lp Sliniod 5l 6 ks
sl el 4 pdy el lagSw )0 GLos )50 50, 4 a2 g5
9 )bl slagSw lailyinl (gt Gmb el 4 Lo,y ol &8
Oliize (pan 35 pe5 W Wigh o Juate jgliddes g LAiSal
oolos iyl Sy (oS 5 Joe Soliadg e calpd et s,
ol 005y ()T 4 00y e (355 5

(e Slml Gl bals 5 ans; o lal clid 5l (S
s S S8 Slis 4 Cl sl alosl [V ] 1B LS e
5 il OB aS Sg03 odalive § 0,5 s 1, Y Jlgie als 5
~adlanng pla b laals 551 (So 4 bgrye S Sloj 3520
el Bl 9, Sz iy Al oS ol S

SlagSa eplie p 8505 b (020 Slalllae (gl 51 (S aslsl o
gl 2o s sl DY gy 5 Gl Bl b (2o
5 o O s e bLS ) a5 wh astie ol plol g3ges
S)ls d92g (L Slalllas (S wbs D p Ly e
e ol o 4 s 5 ams Ll g V B+ ,) (K Cosgame
L Solite pulbide ol (iS4l (95w il slaice
5 6L Ly G5 4 bonype (wlide (iled Coles ,o a5 W)l
S ol b (w8ly aiged 4 SzsS whide b Joe 5l (Sl
aalsl )3 3,5 Wl (2iS Al G55 sogee o Sl
b wlginl SG g b ailginl SO olme VY] 2lo s 5 oo, 8L
Lh patie 9 808 (o) |y 4Bl loml 4 oud Jate Sis
YU s il b dglio 1 ailgi 5 S ool oo Copd 45
e walps 510 5o KC lade &y Sy a5 0l o i8] ol
Sllug anels 4 S (b D90 0 (Slpss (2o g 03938


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

[ ] ] [ ] ‘[_‘i L]
Il

. | l/ \\l\
T

ol

Spectrum density [m’s]
L
Heave RAOs [m/m]

% o

90 Gl (0 yloml (595w 31 glite Gl £95 e (I -0 S
VY] cilizeo sl iyl & bgspo

00 i glls (slojles plSimial sl xbly Sl 45 5 )
ool 38,50 Seeluogjaue sbuShg g, wlg oo a5 ol
soliditass 555 4 Jate 5o2 slags)s [0l o) Sen 5 590 1
g9 3l 13 Galesl 990 ) b aw b (oLl 3 ook e
S sl leml & ad lils ead cusls 5 Slo &9 g5
L Gtalesl 5l onal coay 03938l )2 5 (2lpe ctl o 05 Jate
b delie (Jomsily ol g 2 0b2) oue Jolod s
S b sl el Sledbl o )5l Casay Gl uien
s ad Sl e 359 Gl 9 Vb mhaw 90 50 0 ,Lad
il B (oS (Sadly 00938l 052 5 (2l ree cal o oS ols lis
G Slindos @l L aS 3)ls &5 2 anels &y oobj (Senly
Blo 59 4 S 505 (2lme ad 3929 b 359 0 10 Sudllas
ilojT el s 555 31 Joe S bl plSim 1) el
Gl slp o3yl p &5 (Jo po Conl (slll ad 0925 b gm0 (39
@l calyd 50 39290 latglis il Slaiz i 39 99
Sy Bys sl Ghd Dlaho b analie o 0038l 0>
Sl Sedp n Gl izmes ab (oo 33l mhw S5l 4 by e
69, )L8 05 YL uilS 8 slap 5 Jalis JLad Sl azesn )b o
)L Ot 2 09 Slo (59 )liad polie i Jload 355
S8l e 00,5 Lasedie (rrizee el po 052 g laad GLLLI o a5
P Wl oei (297 4 el Jonill 0l Sliue 2 45 oy
5 990 bl ;0 a8 siluane | ad shls S (e ) 009!
il e § ol aslllas o a5 Glasges lon [VF] 1 e
50 oaud oolaiwl Jaw aS Sglay ol b assls JI8 w0590

S50 Sws a5 o5 suslice b 0l (gilw Joe (5,970
s sy b b S & S (55 A Ly (530
2o @B L o Bl goue Jo mls 5 wb asie
e 05 Sy pizman 23ls VY gl 5 2S5 oo
o) 55 A g 559 (50,5 adlol as wsls L LT sl b
[v-] 5 5 gl aline iios ;o ans oo Ll ol ez G,
Sz g dllgtnl So Seldg s L) 5 als S slxl o9
Sloslatul b oably wils )3 5 o5 KC (slasas jo 1) o0l Jate
aS ol gl olsbre 0650,5 pwyp dgaoe Jolai g,
e Seelinog jane cul o (g5, 0L 3 (cwaie sl el
...\j)\o oosj’_él £ 9

IS e demlio g bosl 0y JS8 i L VY] o) 4 93
slalwl 5 (g e Gl Jlwl 922 859 G Jgone Sl
(595065 slosalses b oo Jaie gt slod g 5 ;500 (slaslgi!
@S 051 Ceway dgume SOl goae gy 4 ]y 23 il
A aseiee ol alunlyg KC a5 a3 &0 4 oo ol ol
Canog (HS1) aisl a4 Jate S50 5,9 b slaslginl Lol a5
0 Sl aalss Spalips gly 5 ) (s s,

aS aes ialiEll) ol e wilgs oo liome guo sl 5,9 olows yiol33l
(YY) Ken 5 o3 anlllan ;o 180 ol LT o alols & S
Syt e 300 5 59 b ape (S ) ol Al
o 390 dgaome AT ) 4 g Ll 53 it o il
aS ol 0 JS ol a5 0 atie @mls 285 18
WS e il Ty W ls 3 K0uSs 4 Seop akols )o lacSuys
P00 S ad @ Wilgs oo 3,5 SO 3l ead dboul slaals 3155
WS JEl K0 ad 5l eas sbw! Glaasls 5L leine g oo
6951y zge anels 5 09 p Sl VY] 5 g ol Caizmon
Ol )5 oy (2S5 (B S Seslisg e il
sl wlonds Jate Jlwl 95w b ksl 4 S
PIV o0 s b g od g5lwans CFD ig, L als 5 JSis
aS 0Bl o LT ol zge el )| b s ot &g, g ot e
b i @lmee bl 655w b 0 (2B Sews plenx
Ded o 500 slacdl L


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

AV-£0) A Ll 5 5l (P20 3l Jlo b )o (gwdigee 4,85 [0l (s 5,301 434

Gl Jde mizmen 50l e jlewl aiily jo Glopls o (0 ye
. . .- . R . 4 .
L g o plonl s slaelos sl g 580 055 50 o0
Slopls 5,9 a8 ol slprinn 1 ars o 2l38! |, RAO g &l
leiolo] [VAL YU 5 jSlasgu 05 05, IS aril ;o
Joe 59y b, mul g (Selus e ol e )y
S St ga B9 90 9 Se bV e ulde bl (6550
- - o .Y . . .

L SoiS (i e i eyl cons Ol iclls 59>
S5 (Sealindg s Faly (59, L35 (2 (i Alols 5 ol
s i T30 e o 45 05 iedon 5 &S] L
Siald b b 5l g sl oo ial3dl aoys Ve e e s 1,0 b Lad
5l il oo a3l oo B0 b e G+ &y o ALl
L ol 555 (ol Gl 5 009381 2 (55, alold 5 Sy b
ool ol gy VAL Ken 5 002 sy ey )33l o5
e o3 Yo B Y T B aS sun (cloyls slogyg anlllae ]
aS 50,5 ouslive g ol olpin g oS gl ly - F LY
Sledy, o)l Glaiz 18U g g g OB 69 22 B9
20k 85w Gy 5 Seeliasg nee cul o eesd gl oad )
oS sl o3l gy o [Vl Gk 5 sl LG 1 witen
20 0 922 (359 5 kel (95 Sl il cenlie (o )E
ety 5 09938l pyr alys iols ailyl §Sw b adsl U
00l dwdid b (o i (e G G5k 5l 95w 2 3)ly (slog i g
95 ol @l b el (g 50 5558 9 O3] Slilas | s
9> Gy aS ol A lie 30 Coweg 58l 6 5 5l ol sle eslo b
Sl I e g gl UYL aelsl o casls 35y bsT
Gros sl L bl (558 (Snlns gly 55, 1) ay g
5 O e Gebie B aRaslesl gy a4 plase glsel o
ml n @ Bl S ey (5T eigne
b 9 b Zlsel 03gaze (o logate (goae 3 oKl
5 Folw lewl oal a8 )3 i o slaanais o (o 0l caslin
la)b Cou (6 51eS gud 5 7 ) Gl 4 i 920 355 b Ll

(F JSE)8as o Jasme

\A

oo b Geiod Gl 5o 9 ViVe ulidie b oS 5 5390 (508
S b Jobee laulS )5 5 KC o s lal clisles )| o V-
GBI L @l 5 03958l 02 ol plowl ail 53 21 00
oz o5 KC gl il o ialidl L5 Slalae aslen KC
o858 Gl Loy el 3l i (2l capS g 05933
el ool g ad B3b zge slml Cel ol o 5 (59 o J55
Jolee oS3 j0 wuais ViAe 5 VY Glo polide b sialesl g0

b oo (alS ol 4 00938l 0y o po s
e 5l eslial 5 sane Julo L IVOL 5 low (g8 5 B9 )5¥
Joe dw slp eb Cax 50 Sealusg e slag s pod ool
b oo ol 051 ey o] sz ooy b walizee KC
44|5wl 6|).J (f‘)“"’ Cnnsd Cawloodds r:L?u‘ \vg_i».ALuo u,wa &Mi}
L ’,\ KC eojm 6‘;: ‘-54).713 @bb&mobo‘ﬁb d"‘ﬁ"“"‘"ﬁ
5 als S Saliyo 5 ety agd 3l L5 Sl gl
st ol 555 s ol ool 511 308 53 Sl i
G oolal 50,8 Sy IS jsb a4 aS ol las s Lol eo 4]
S @lme GRSl Sews 9,5 a8l 4y o )9

calys gl ond wll osle yz Lly, 4o alaie haw b
S5 crl b S92 00 (g g Slisio 3 a3, Seelusg one
5 Ml o> S5 5 CFD (soue (g, b [VFIN kil
il re @Rl (3s) eizmen 9 NS sl iloans
L 0s5UsS ablie ghaw b (2b5s 9 (S5 502 (59 Seelindgoen
22 SLbl slaals 57 JSa5 655l a1 23318 13 (o) 2 990
lagys Jlosl 0926 b0l (o) 2 (2690 plodezr o )0 Ss
@bl Sy 005 jadie Siws 2 55, (Seeludg o
l o (59) a8 4y Cualind S g alold Cennd lad o aiils
75 ) SO Ll b adllhe Ao A G55 Scelinog ane
9 S5 Sl Ly ($9500 9 03938l £, cul o (sl o o3l
(orhd St o pe (5 UsS ablie mhan (185 S0 0 b obgs

Al 00 ygl Cawdy (glo s
o (ol g 00938l 2 Saludg aan ol pd sl ogdle
39 osd 8% 2l Eb o ) el ool Sl plade
GialesT s o [YV]glgsalgl faigmy (ol 255,5 dnlons
b sogee algtul) ol Joo Ssbusgyien olpd Goss ln
Cot | s e UK LYY e elidie b (o0 e Sagd
Sl )9 Bpdod (nl )3 a5 wisls plonl (Bolai g plaie zge 625


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

o9y & 3k (e glayel b U Saslr asllae o)
iS5 Y g9 Lo g 5ol (595 ey (59, (2R3l 5 soue
& by 2,28 Slagilel kil b ooy » (17T 5158050 i
ooleio b gz (359 99 L bl (595w oo (s, 1, w°‘}—‘ olabs )l
(6992 (5ot Sy ol ool Llsme 53,5 I (sl V0
b ol emimcomo g b plol ol - o sl 581 0 L 5
S Sl 3 e S5 9 3y SIS AL s 228 S
T obie o wiile ool )l 53U L olien 3y5 55 5 309
S g 59 Alold 5 59 yhad 4y Cundge o Glad o
a8 widl s Lol Lol 28)5 )13 aallhae 5590 jo3ul & alols

(ool S liee GBI Gelide S 1B L ol e
oo )8 30 Coxd ¢ el 4 CosBae Coni B g ol e
S9) A8 S 23U 5 S (o0 3L 1) (alie Sl Cns 1l
oS a8l &gy ol el 3ham g canl b3 VLE Jlaae U ol e
son IS o ialS el Vb)Y digy b e 09 e
Jaie 5 15 & Conbo o 3 3n oo 5 Slgiiny
Soxdgo jlade (n Faisge bee (R O 5l an g Gl - A
b s alols 531 L g e 30,8 sl 0¥ 5]
b o o dlols ol o ol o1 5l my g Laal38l A e
S Sl balie 5o i ale g2 B5 90 O )
PG F e ol ole Ll (68 asl 4 Jate )9
@lﬁ ALY el a4 alol lade sl Ay lade SO
e Loles 9 0,00 oS 4l 4y Jate 3,5 ST 4 S (5 5o

St 9o S > (2alS sl T BT ol 4 alold agy

3 . ;
—o— Model 0 —e—Model 0
25 -e=- Model 1 25 —a—Model 1
—®-Model2  F [ —®-Modeid4 |
. < 2
:? s
= Q
o 15 215
3 g
1
- i
]
T os 05
0 0]
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
ML ( :”) ML

Model no. Heave plate Diameter (mm) Thickness (mm)
0 (base) wjo plate

1 w/ plate 80 5

2 80 2

3 60 2

4 60 5

Ewble g @yt ‘5'43‘}'&»‘(59)& 3 diged gy (I -A Ui
[¥F] g0 Job o coms 2 03Lw gud

756 el S (lalymasl (s Ll 4 S g2 39 4l
andllas ;o .03,5 adios |y o] [VE]od § g5 a5 ol (6,500 108
Sy o 4 ogr oo 5Lge wlgiuwl (55, sS4 Sems Ll
Jl it 5 il anils algin] S a4 s alisee sloalols

s KC s 300538l p oy oo Ol i mie ubios 0l 5

\Al

Moon
~ pool

Heave
plate

=
() ClassicSpar (b) Spar with (L.Q.”) () Spar with

(d) Six/ Eight cell
Heave plate enlargedbase Spar

3

[P NN

Heave RAO m/m
'S

1
o
0
Time period (scc)
——— Classic spar ¥ cell Spar
——— 6 cell spar ———Spar with enlarged base

— Spar with heaveplate ()

DTl g2 (o el iz Gl e (W1 - S
[¥9] y Lol alizeo

[ — N
1 i

e

NOT TO SCALE

| ——SPAR I-AQWA
| —SPAR 2-AQWA
| emSPAR 3-AQWA
| ——eSPAR 4-AQWA
& SPAR 1-EXPT.
+ SPAR2-EXPT.
® SPAR 3-EXPT.
® SPAR 4-EXPT.

Heave RAOs (cm/cm)

1 15 2 25 3
Time Period (s)
P (535 90 oGS 59 T 5 ilicio ol ez (W1 -V S

(V7] aliseo glo iyl gup Gl (o

Oyl aiile el (655 5 (slas s iz slaplosz 13U
NS & e hsS el 59, S I Qb 5 (S
s asdllas [¥Y] bt 5 gl UYL Lawgs gte (6 Il sdga5e
St gl g V:V0- (lido b diged (59 (225 @l 99 2
35T ol 5 (CFD)pl s o il 158l s00e
MLl g ojle by slajloges auzils (93 Gl (Jemsly
@S5 @b i gl b bl (5% a5 ol (Lis g

AV USCS) o4l (6 e (Seeliod Fuly ol s


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

AV-£0) A Ll 5 5l (P20 3l Jlo b )o (gwdigee 4,85 [0l (s 5,301 434

calye 3)S oy pltaleil b gl 5 cSleSy
ol e @ 4 Jlesl (69,00 65 05l b Salindg 0
5 e 45 ol ol Ll ko gl el ey ] ek
ol aisly 6,57y g Clice 50 s KC soe 45 004380 0 1>
03938 p 2 5 gilyee Dlpsd D)0 B el 4 (6508 (Sily
sl f gKC osgame ;0 0,0 Vo b+ 55w b slacSuss don
29 Gy Y sla KC 1o 5,ls KC U s alaly conis ioloj]
b S oy slo KC o Lol aiS o oyl (6o ool yso
JElie 3,5 b (ol e 5o slala>de LB iol8l il )8 jlade
ol e oy Ve oo b Sss M Lol caslis
) 58 0 ne §ys 4 Camd olpe Gaoyo Y 0B
el o5 al 3l L esg3dl oy o pd aizen 0D 350
B il og Fospaine MalS 5V lauils 3 50 Wiy cnl g <l
KC 4 005531 2 (Sidly 2 e |, Y] Gl 5 (25
gy [Flosds 5 odse mizen aiols 5 a0l 2,50
ol mh pj 50 Jlghsw Gys S 2 o)l (Sealiogyan
35 Seeluog,nn colps [PV ] alls 5 o s S o)
o5 5 G o 1o g la (g bl lilas | s |, o] g
Ll sose Jo 30y (qusy p s00 5 (2Ll (29, 41 Gos
Lyt s b o] g Lty U sty o S ol
ey Slogh 35 Gele Cundse o (a8 ) jLad S
o9 58 S oledl b Trasls wie SaSS G cnlodw]
Ol b Gebie Ll Ly, b () Geegd 0 5 L
b (2o Gl 00933 p 2 5 (2lme lpo o Jlosl c Jnily
w0 Ll s (Baoe (B9 0 Sl j0 Logare (028 @l
B9 3 S 00938l py2 g yidw (2lree o pd Jlog] 9w )9 S

O U)o ls g8
L1y 9 555 595 (Seabindg i slag s [V ] Ken 5 5dsm
52 S350 lp Hgmayge lpd g 20yl sy (29 b,
Mol oaSiles Jila g, L Ly e ol bl cou

...\3.))9| Cawsdo

YY

S92 3 43R0 P93 (S )3 10 () p gl S 5| Sy alols
OB 5o el ey ol3T Gl )] ces Gilesl b Jow b
ol el o o ke S 5 i oliss gl o3
dliio )o S a8 o8l a8 axdly o Ll Loles el casny
3 5 i Jele wld S 51 s alols il L
O P B A RUCI PR
J52) 8,15 g ey (12lS (55 (65t 53U o e rals

(A

Olola,) 5 ailgiwl (g gad slaG,9 (59, Ui -
!

Do 42 00| pe 6la3)5 ¢ 2k )3 lagSs g laojls Sl (pdm o
Sl Gl 5385 (o0 )18 95w slaggi 5l 90 akold )5 g 1
B3 s plaal 156 cod 355 SlbI Jlow i p 9 5183 plase
Seeliasg e alrs 65, 5o ook Sldllas cnlple 0,05 oo
Oliize bwg dlginl jpax (o ba)s 5l sl b (S5 55
Dgi g Ol dslol o Sladsd pl 5l glasds .l salls plol
Syb S5l gem 39 (35 alal a5 sl s [Fl )i 5
e 5alS ely o5 e 5 e e el el
Tt et & S e el led halS e 4 gl 5l 20
YW

(Y0l dge 058 gl e Gial3l (sl Shale Wlsi g0 (5,85
49955 sy |y Jemilly (6555 b o]y slags s 5l sl
Sl Olxas 0,5 Flygw YU KC slasl jo a5 sy 4z oyl
Ighgw B9 S S KC jo Jgadlss ol e )3 (o5 JB
2ogde o ls eSS 5 Blo 3y 4 S (50 (ol
Eon ,0 ol a8 el dily aels 4y 00438 o > aS oly ylid oy
Ol 5 55 L) oot 55 ol ot [l Sl (G950 w025
S5 E g WS 5 ISy Ss (gle alps [¥F]
Sz & dolul b slaojlu ;0 ()T cogeie 05 4 azg L ‘)W
S B E g 9 Byg Sl @B S oy p (278
s gl Lol el LB o iite Slinios sloools b ss
wolpo Sloss Gumes Wl 052y ool b g
sb> Ojge 4 aials ol 4 o SKuss den sl ol
L1y olsT o Ol 51 e [YV] ) San 3 ge (3 JS2)00:
Foe kb b Saws 9, )bl Sy cos olagiules] plxl
Voo Ve hem Cumd 90 b yerkie Vo culs g el
VO- g Ve 9 00 (B9 sypabse Fes 35 (pwyp o)
aS ol cdalive g e B0 35 Ges g 09 yedlis
03938l o2 9 (2l o)k 99 32 (55, Sy laansls o laals S
Ses Sealiong,and ol [YAl Gl § gl el 38 506


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

4 o o 3 o of
A —1 Bl =
_@ KCE0.01 _@ KC $0.102

] f—|
.j Vrl .lj, ol .ﬂ -r-l"—“r Iq al
::' I R | I L 4
—3 — — |
_@ KC ¥ 0.049j _@ KC ¥ 0.160] _
—J — [
'.j r:I 1q K — T"'\ ; J .

[FY]calize sl KC o alo,3 ol | wglisie doyloa -1 JSi

= Deep Water
—=f = 2071y
—=h = 107y
—=h = 051y

h = 04ry
—p=h = 031y
—he=h = 0271y

1 L s . L s . s L n )
0 0.2 0.4 0.60.8 1 1.2 1.4 1.6 1.8 2

KC

S] w=flie= Decp Water
o —=h = 207,
—p=h = 1074

0 —a=h = 0571,

h =04ry

o —p—t = 0371,

0 wbemh = 0.2rg

b
o N B O @ N N
T T T T T T T T T 1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

KC
[FY] 550 4 (K003 b Sarolin g0 > 5l i VY IS

o S
auiq.la..u
e S L S \__/.71
0-1ml;_]
o4 (© = Asin(wt)
0.8 y(t) = Asin(wt
1m 0.9m __I
uifb)b.l.)

(65 ] Sraliy g and ol o (595 5y0 &1 (Su 3 il VY JSCis

A o b i ye 359 SHbI Jlows 5128 5 Sy e
PR IPRCISURIARVORCH JUUFS SIUC PPN - BN [PV PRSP P SN
Sebusgyoed ulpd 59y s & (035 5l (AU 39 SLb
T O T SN £ || -V K VARV VA PE RN SU¢ L RE SS9
9 ol e 4 Suop Cumdae )3 G e Sed Sielusg e
Slcwl oo ploeil e 51 590 Suus b annlie jo oS iy

Seolinsgyaud culpd 59, G yiny 5 ol w6550 Lalyn

\Al

A, 2.609p(LB/m"

06
S I
PRI 112 02 ugat
M = ¥ B=35750
» 0
0

0 02 04 05 08 1 2 i 16 0 02040608 1 121416
KC KC

[e0% ms% 0% oB%  xa0% | [#0% ms% 0% m%  xeow|

o 3 (g0 o 50 Ol gkl gl e (gl e - YK
[¥5] Jolss om0 9 KC

" 1=7.945%
12 . =1589% 12 =7.945%
—— =0 solid plate . =15.89%
10 3 104
= L]
08 3 o . !
3 L
06 2 06
S
04 ~ 0a ]
024 024
00 00
0.0 03 06 08 12 15 18 00 03 06 09 12 15 Y
KC=z2nAB (“—‘) KC=2nAB
69y JARL pSG(0 IS El g (o2 p0 (&g Aiged (-1 SO

Saoliy 090 <l o

cord bl (Sily 5, [FY] o1 Ken 5 o 0205 aalllas
890 55 petie (Ghad 4 Csles Cans)awain s KC sae 4 olywe
Gl LS 4 Caslied Com Ll L a8 ol olas Slaslie
oS U izren g Wl o0 99292 (2l 50 slalixde LB
O S o 99 )0 Sews Gl 5 YL a5l end slml sla
Alg oo baagls 3 s Ko Ojle 4 o)l gl )0 st
a3 (ialidl ipga 390 wiilen ) JSow o 93 p2 50 ailo I 5508
Sge wiilo laasls 57 S5 (1Ko g 098 yilin (2o 4 yoie oS
ol g aigr G als 5 cha G sbml o Wl e 0 ez
G2y 2l el A5 (a8 00 5 IS S p0 s 5 wdgs

O S8 o


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

AV-£0) A Ll 5 5l (P20 3l Jlo b )o (gwdigee 4,85 [0l (s 5,301 434

G,
=G
e
\ @
neh — T 0.61 ~
| - b0.125m -
---b=025m
14r — b=03m 0.59 ~p0.125m
L = b =025m
= -7 B _
© et - < s e b=03m
10.6- = 055
w2t - —— . o
L os3l T

= 1 1 _ 1
02 04 06 0.8 1.0 (u) 02 04 0.6 08 1.0
a (m) a (m)

Olpadi (@ (S2p0 §39 00) & 9 0055 3 slod (WIHF Sl
[FAlad (g5 Cilisio Sl 55 Seolinsg s culps

Sogo a ]y Gys Seolusg s sl Sy [Tl iSes 5 J
Pz oS Wl Ll oS puy il Slils )l L o2
ol G5y @l uilS 3 g 5 e olyy KC Lil3il L o093
Gy iy Semnly 2l VY LY ¢ KCosgumma jo el )by
Sl Uiy 4 Caaled s Jal )y 4 ol 55 KC 4 (59 Ly
o oy VB o VA Ligy 4 cealinds e (gl a5 (55
Lo 535 VA- e Gl 3 s on 5al5 KC ialil L Loy
KC o5 juolie ;o Luy 59 ¢ 1O+ (sl 5 (558 51 Jis
Skl O g J aalllas ;50,8 o )15 (W 2 50 Cos
Bl 03938l 0y (59 (295 FB U L a4 Sl o
Sesladgydes calre 59, B9 slead SO U Gisees
03938l 7 el load y0 )5 atin a5 (5 )5k Wb (g
S8 5 Jitns Ly (595 < pd (g 25 (oo obml 1) (5 it
2ligs T b 1o 1o g e Aol 15l s opdle g 4
pl &5 AL patie g 0b owyp e G 4 5l cSleSy
3r9 S5 A wslea o slal)] Sl 50 355 S by 90
ade @y ol g ol i 1,0 lade 5l Ly @ alols cans a5 el
ol oals S8 jlade 5l iy lalold o laals 5 Sl pae

V0 JS2)aiS oo anss S al S0 yg (35 3550 50 4!

Computer-1 Screw Rod 1 Computer-2
Data Records: Motion Controller:
Displacement (LVDT) Amplitude
Force (Load Cell) —— Frequency

Plate Model

(ah

Yo

Olinios b 35,8 ) S o0 58 50 5 0V Sk L cde 359
st s il s e oy (80 FF)
O e 4 (SeF LKC s nosg3dl o2 5 al e o
wlyo sl goie @l jo by 4 oy b bes aes o0
ssalie KC 6l p Sl jlade SO KC v 5 Solinsg)onn
5 el KC (Sl i 5l 5555 polie gl a8 wd
S gt )3 (ppizen S oo Iy Guad S8l 03538l oy
e 51 2 slade 8l KC sy Sealangyoue cal o
S Slileyl g5lwand 050,85 cnnlin e b alols Soop
g ljgaie 9,5 Sladss IS L Ol [0 o)l g S oo
w5 sl agh gl 331 03 L s o s ol [FY] o ian
@l Cod anlie b giloand @l (rwcos 5 b))
alginl sl Vgls s g Bl )20 gl b oot acbore
5 ARLL] @l G (o5 S 45 05 pla] Ko S L
Sr0 4 S CunBge ad FSG05 L Cbls 92 (ludnd
IR KC & S 03938 12 9 ol iae Slasionie ooty IS
5 leaoly o L5 aslen cemes (Y JS)cdl
3 snads cdl KC Sle jlaie G o [F0] 01 5L
Otalojl rizre 00,5 samlis 00938l )2 5 ol ee slo it
bl Koo sl Fololien 5 63l lawgs oass all sla
SlRlas o plis bz lages 5 louls B 50 Sige o
5 gl S5 )0 Selydgyans calpo (ol crge (S8
AV JS80)0gd oo B fms Sjglma 0 abg o ol o )33l
5 ob by we Gy 4 UKy olals)l ands 56
S5 3 sriym 90 (By9 1y cisls I3 05 L [FY] ) Sen
KC i ol L oS amiil o L s anllle ol 5
e aboo (Il 00938l py2 oyl g Al Lay (g9
500938 pyr ulpd (sae)o) e Gl el §)5 slaad (505
Omt abols Gl L aliee 5 03938 02 0l dalsS Ly (5550
&9 by 2ln 1,0 5l alold el 5lam 5 wboo (Bl o)
Dlsad 0g2g alold ulidl b gl Olynss 0gd iy
3 Maad 50,555 b [FAl L Ken 5 o aslsl jo Cpiomon
69,y 4 JS8 Slpss 36 TTalss 05 & g Sl sl
40D sl WSS (o) p (sme B9 (Seeladg et culps
olBl Culs g Ly 5 Hlade GRlBIL Ly 9 o pd
o g ol sl 50 00938l gy oy oS b o b
Wgly Gaalidl b oad o )lal culis (05 Fu sy il tals
S 4 535555 s 45 b sunlin Loles iy oo 2015 5
OF Sl jange o0 & @


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

Obwgs Jl 50 Sawd Ko 535 Ol 9y el o)lEe S
o3y 055l 50 097 O Sy ) odisd S5 plaalds S
e Sad Slloogs aals b S aio bl jo ()l > Ly
Rels il 2als cepw B L ol Glej bawgte 5 wiS (o0
L 03938l p 2y ilioo SRl KC I3 L 5 08 (oo oy
e Gl KC Gl L alee oo 5 208 U Glal38)
50 56 ol g sl oS 1 < 0.05 )5 08938l py> (59, Uy 3L

OV JS20555 00 it St iS55 sl solad o

Slider
Load transducer

Rod

Heave plate

- Steel lines
1.2
—— Round
----Octagon
104 ... Hexagon
--=-= Square
0.84
= 06
0.44
0.2+
0.0 T T T T T T
0.0 0.5 1.0 15 2.0 25 3.0 3.5
KC
244 ——Round
- --Octagon
224 - Hexagon ==
—-=-- Square
2.0
- 184
1.6 4
144
1.2
./.
1.0 +—— T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

KC
B9 S8 13l g ool WLl )l slm | (gl supad slosi -7 S
[80] Saoliadg youp <l 6 59,

\d

fHitts
tHitts

o H1/L~0.5

Plate 1, /,0.2Hz &= HI/L=0.5

10 —— HUL0.7
9 —h— [3/1=1.0
—y— HA/l=12
8 < HS/L=15
- =P single plate
[
5 g
* s
- ®
N L L ' L
0.0 0.2 04 0.6 08 1.0 1.2

(C)Ar
(T o™ il (o ooliwl 5 g0 &l slod (A1 -10 IS
[PA] Sroliy g jd il (535 W39 oot ALols 3G

1y s g ad glad (JS8 cualind o 36 (001 J 5 s
e 5 00938l 0> (59, 0.15 S KC < 315 sogazme o
4/200 < oog0me )3 S3L Gy &5 spsb WS (o)
55 o Sl (5 s (e 5 09538 o2 < 4/ < 15/200
olpe Gmoead osslin Lol aS 55 axie @l
oS Slonld g 2y (RS g (g b o)y Selindg)ae
53 0392 yieS oud o LAl (355 A 5l (o ye (3)9 00938l o2 un]
S L 03538l o2 (rizmen g Sl iy ] il S
KC 0.6 0 oy olpe 1)+ g0 J5bss b o als
KC> 075 5 gt @lee s 50 B9 9 955 o0 Sl

(5 JSa)auS o ol
lrs o) Ll) Koy 2bys Glapl> Sszs e » odle
5 Kby, ol 5l el JISE e 5y Seslusg s
WS Ol S5 1) e (35 Sesling e colpl [DV] Ko
W0, sz ROl IRl ) Gaman g3ne giluand b
w88 Jai 0 e,e Y g e,V 0 Dglae Hhad b Calbrs s A
KC yuol)ly s b ot Jlosl (3,9 azio Silse & by g 00
9y S8 4 Cubd Cund g Vpatdh alS (b S g
Oyge gl 9 00938l 2 (Ol Ly g9 Ol LSl
b asdllae YO U+ Uy g V6 KC oogume 1o (5)l0de g (25
Sl Sws 59, Ol 2979 S yo 0l las b ow 2
Ses Sl 5o g Cl ()l (655 0 abo 4 Sond Gl

970 4 o (IS 3L sz (oS 81 )Ly e s 3y Sl


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

M =£0) A leasl 5 )l (M) 205l Jlo by pwaige a5 185 (01540 s «5,3L] ,d4

D=0.2-0.2 m

D=02-0.08m  D=0.2-0.12m

KC
[BY] 2130 o 6 Ol puaiiy 269 slogslovaz —VA Ui

iy JUSs 252925 o

N
34921

[OY FF] S - o (oS 5 )9 o b -1 S

g ol piiie Slaasy GALQJ S 0l ooﬁ)l&g pov- GL“’&)S
FB 5f g cdo DlS oL o mlio g (8ly 2> o (rizman
obg}é‘ oy u.wbs‘ aS Cewl U"‘ (o )L.«.».\ 55 ML!‘SA Blassl
S92 )‘ c)l.u: ‘Sl.aa-‘o S93 UM 990 A e J“}"g_s'“ LIP3
é.nb).v ;a.th S| ,S.o.a > 9 A.wla OJ.‘-‘SALPU 6[1&5]..:
1 09l auaid o0y Loled 5 ;50080 40 0,20 5 (oanl WlS,8
-0 8L @l (aali3l (535 505 B oS u o b sleriny
97y bl Comdg cnl 5o ole by 9 sl ) al; Wil
Sl wile WlgE oo B)9 (Sem ad o pdyllasl it S
i 24 45 358 Segs G Sl 3 5l g3k o (505
Syl YL slaaials )5 05938l o> ol iali8l 5l o>
riySlasl s i abulr Sk 5l aS e xSl
Iy als )3 oaisS obml ad ool ey Giulidl GG1 Sg 5w
A b @yo b anlin 0 plime (0I5l 4y oxie &S WS oo o2,
wox b cpl ol sales Ll Slils )l asls S e Cle
2 cdo Sgs S cuS pas [ov F2] ) S 6,30 Lawgs
75 Sletalesl b canl gy (idu 50 SVl 5)9 9 35 50
d.u%u.o)é oés}é‘ ﬁ?gd‘wwosxfbl.m@ (\ﬂ J.iw)d.w e
ol a9l o eS g i o 4 cde DS 59 L

\a4

—.—y=0  ——V=0I5 1,/D=0.02
040 --@--y=005 -0-¥=020
Ao P=0.10 =dne V=025
0.35
0.30 +
i
0.25 4
020
015 = i
0.10 T T T T T
02 0.4 (C)u,s 0.8 10
kC
16
—EFS0 —EEVAS t,/D=0.02
15 -e¥005 - 0-¥=020
e V2010 = V=0.25
14 4
. 134
=
12 4
O= e e Qe == = Q=== O==="7 “
114 —
S A Bt
10 T T T T T
0.2 04 (Q)D.E 0.8 10
(e

i 39 1855 (0 (Glwgh S 3l ygm b2 (A1 -1Y IS
(8] v, g KC o y 009381 oy g Sl oo Ol (0 gz

P Olee 9y B9 99 o SzgS abold e b wargi b
Gline Swd 50 glaals 5 apas Jo1as el a7 ol e 5 09438
99 Sl S i L a5 35, (ool 09d oo SGUSG jglne
Sealigyand ol o @5 5l (Qboaiz T G e Jlsie G5
ol adlae 5 o [OV] ) Ken 5 6,300 5, cnl 51 ol Sgne
U990« N plodez jo 1y alold g Jlgie 5,9 99 slal Cannd 256
ol odelive W3S gy Saldg o ul o 69, 2l
5o @l olol b Jlge S g0 Stlinogyane ol as
alold flen o LSy Jlgie S g0 b aglie ;o S5 alold

OA JSS) Cnl i


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

oasets O3l Slialas )| s Boyb 5l g gl Selinog o
S92 9 Slusly @lre 95 G2 B B9 kB g Culo &5 S
S =z FB U byl ol a5 Jb o sl
el (SO 5o lacand (gym G plnil b diiles )l g colpo
Al )3 98 500 el (59, (6t 5ol g §3)5 45 a8l o
D)l oS g 2l b

dos S5 & by Jg) 9 o @ b 090 9 @l
Gk 5l s Jate o 4 sep slasyg 45 suil-l 5 5l
A oy [OF] e gy lolgis pos Lansgs ol5T lislss )| s
L plate 9 (Bolai glgel S0 28 cod s, 9 o @ 8 &b
3925 $9) e U g2 §y9 45 ol (lad bl asnsls o
el IS g 5 g, o2l

Jae 2o 5 orb 05 2k}l 50 4 [00] 6] 5 55
o Bk Sl g B)9 4 oud Jate iyl 5 LS slaslgl
b g 5y 45 A oanlive 50, sy o] Slile ] glo
65> O 425 BB U L dslin o gy b 05 (595 o5
5 52 gl Frwly a5 ol cdwline Lles 0)ls g xndo 09y
55 o0 ) B 8 Cod (g ke g o) Gl b anlia
plxil obdiges 55, )90 Dliles )l ais o ouls plowl Slallas
g ond Jate algiol sl bl @ By S AT Sl oa
5 el 32k 516y largly o s 1S3 5 (e
Lol ol sy sl gl (x5 ,8 0 ol wliles )l s
aiels 5 uilS 3 JEl il o oads piite Slinios bl 5
U Sl S 250 00938 > g (2l ol p (59, Lol
aield 4 525 00938l g0y okl Glow g (2l 45 09d o0 (S
4 5L )98 Cl (o) 2 sl 0Bl atsly SLalas )| uilS 3 4
a8 Zesl glaygly gzl ()bl Sy cod places ploxl
b sl sl [08T 6 ,3L0 dbiwl,y cpl jo sl sais ploxil (458
oS ) Jaite Sapd g dllgital glagly Sealiasg s cul o
S asb 4 0 s (@Bilesl gy 4 g bzl il
Sl Ky 03938 (002 (o2l Olos 5 gl (2l e o
iols las olales )l uils )8 g aisls a4 cous 1) as

S5 Az -0
olpo el Glp ead e Olidsd (g9, ($)9
b oanslio jo allalesl bg, ol (las gy (Seelinsg,one
Slp &5 ol adrin fuizmen )l (6 YL Sy goue slodg,
O yhuo (2,8 dauly Jedlsy by (g, G (2le s
Sledgy g bl asils oo 8o wilgh el azg g 4 AL jeSuug
ailgl oo ommlin ZBo b uSgiwl ol S¥olas 4l 5 go0e
Obzmed 0525 (pl b oS (rad 1) 1§59 Siolinngoun ol o

YA

Sl )| uilS 3 5 asels j0 (5,970 ylake IS uudd S Led>
=S5 B9 @l GRlBl 4 e U oogh S L g
23,5 o SIS 35 4 o el S

90 Glolaiyl 5o dilgiwl 4 Jaie &9 (59, wlindio ¥
5 Sz 5o Sl Aol 4 azgi b ol ply o5 jshiles
)08 $Sw g 9 Joy lausly DLkl 4 S (5 i Cooal
el soo JUT Cqzr o Loy Slals) ) o3k Slisios
S SRy $9) b dgeme Dkt sgzry (ul b Ceslons
@ Jaie oaisSlie §)9 5 wlginl (o5 5 ojle (Seslindg e
g0 Oladsd ) slaods sl ouds plodil glasgly gz yo oS
1l pj Oyge & dne (nl o a8 S

5 G JS5 6 [N ¥9e 5 glopm gul LY
9 & b own 69y ) ((Jeko Gl )l (S5 Ll
Oyge 4 ol Oliles )l cas sBauo b aBlislejl & jso 4y g0
S Gl 5l il 93858 (g2 95T el 1331 05 L (g00e
aas b Lol a5 0l o Ll ol cavas OB olyT Gl )|
Oy g b S0 (S5 Sl Send )0 00 S
i Sl cnl )3 03981 (co sz (ol Glew ;08 (ke @
Sly e coz 0 e Sb gl &5 Jb o o)l | laas
JB Grals 4 yomie oS Sl iy ol cte Ll (95
Sgdisr g (Sealiad Gl ax gl

g Seelindg;ien colyd 69, (2l soue adlllas SO
Lo 502 5o s 055UsS S S L bl Jue RAO 5 500
T b 390 5 4 bogye gl alou!l [¥Y] lie 5 gul ) LYL
oobol ool a18)5 Jlas 5 gl Joe 039331 (a2 (ol Olos 5
pliswism Ll 138l p 5 Jawgs sl SLals )| Cd & gy o ey
Slows a8 dls lid bl sl Cansy Zlgel SSByo slacnd
dglio ;3 5 (50 Su L allgtal (pliee 5 03558 g0y (o]
s gy 45 0l oamlie ol s odle sl iy L alyial b
ol Sl ol gl o035 0ad Jate 920 359 b jll (95
L places Goyb 5l anlp ol ogdioe gite s)lbl 2l
Pl 1951 il 1381 05 Ba 5l 51 By o) 9wl glgal Lol
%

52 39 SLIS S35 o pres b 300 9 (2l
gl dasgs o3] SLald e b Hslid ans (98w G @y gy e
S5, ond pbul aliaslejl slacus o cwyp [l Kang
plxl o8ly bio b sla o (55, o Glagssluands 5 Jow
Sealigdg s colps aEalyl slaces b [¥Flod 45 55
o Ly algial asly 5l g0 alold Sy 0uds Jate Sy
lpo 09 0ad Jate 4l a4 plaalie Byl 5l Sews s S


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

AV-£0) A Ll 5 5l (P20 3l Jlo b )o (gwdigee 4,85 [0l (s 5,301 434

sloalols gly Sl o byl Srals anlllas sy

D9 pll e 4 ol o035 b g, 4 g il
S5 b 50y Sl pyp b e e sletulejl 15T @
9y o8 Sl 538 (o) p lp el sl el
=015 5l U5k zee DIF Gl O mha ooy S
b Sl S )0 s el l 4 39 o 5] S sl

] Sy 3 5l ol
gchw Glopls 5,5 b aline coluw b e Gy S 0
S5 o0 )18 (ly90 seme 1 590 alold jo 59 5l (5 i
Rl Glee Gl 59, i il Wl pe ST (]
slaugly plrulr aals S 50 Glasly ol 50093l co >
od..q] ‘S»La..\m )lf 6‘)) 6‘°f‘° g_imo L» UT d.ml.cu 92

;)9....4‘541 OLQM

N IERY

1- Spar platform

2-Tlp platform
3-Semi-submersible platform
4- Sum frequency

5- Difference frequency
6- Heave plate

7- Bilge keel

8- Swell wave

9- Two consecutive vortices
10- Leading edge

11- DNS

12- FDM

13- Independent

14- Interactive

15- Diffusion

16- Uni-directional

17- Mesh motion

18- VVolume of fluid

19- Large eddy simulation
20- Taut mooring

21- Wamit

22- Ansys Agqwa

23- Free decay test

24- STAR-CCM

25- Scaling ratio

26- Solid

27- Porous

28- Domain decomposition
29- Least mean square
30- Open foam

31- Tapered

32- Chamfered

va

25 )lee dslol jo aS o ls vg2g Lisn san o Sladsw M

90,5 0 Slgaioy 6’;1 Sladss gl

b s Al S L s Al S 5 sk e O
Bl oS SO w4 e g 5,9 SO gl alflas & e
lals,l b Glojen s Clile )l Koo J)le 4y .08l sl
koS olals )l el 36 1 sas oo 25 Js) 9 @ Soso
5SS e Sewlinoguue culrs g5, JLl 5 slasls

5 &bl lawgi ool slpiinn (S 5 S Wos C)Ja (Y
Glinly o Sl )5 cwbs s ol [0F] o)l Ken
ASb YL Lol ) sl S8

Yl Swluo-sgazalizl oS
5 bals 5 oll ogon 3l (e W Wiy g Slawle
gy SeY-clo oS 5 Sag

Sb S 0 ‘;.erul.og_imé d‘ﬁ)']ac\.gé.{ojﬁ Sl (f

e gilwans (V

&=y =¥

1- Kumar, C.S., Offshore Structure Modeling. Vol. 9.
1994: World Scientific.

2- Subrata, K.C. and S. Cliakrabarti, Handbook of
offshore engineering. Vol I: Amsterdam: Elsevier
Ocean Engineering Series, 2005.

3- Haslum, H. and O. Faltinsen. Alternative shape of
spar platforms for use in hostile areas. in Offshore
technology  conference.  1999.  Offshore
Technology Conference.

4- Li, Y.c., L. Cheng, and K. Thiagarajan.
Numerical estimation of hydrodynamic heave
damping of a vertical cylinder with appendages .
in The Ninth International Offshore and Polar
Engineering Conference. 1999. International
Society of Offshore and Polar Engineers.

5- Lopez-Pavon, C. and A. Souto-Iglesias,
Hydrodynamic coefficients and pressure loads on
heave plates for semi-submersible floating
offshore wind turbines: A comparative analysis
using large scale models. Renewable Energy,
2015. 81: p. 864-881.

6- Wave Energy Devices. 2016; Available from:
http://www.alternative-energy-
tutorials.com/wave-energy/wave-energy-
devices.html.

7- Brown, A., J. Thomson, and C. Rusch,
Hydrodynamic Coefficients of Heave Plates, With
Application to Wave Energy Conversion. IEEE


http://www.alternative-energy-tutorials.com/wave-energy/wave-energy-devices.html
http://www.alternative-energy-tutorials.com/wave-energy/wave-energy-devices.html
http://www.alternative-energy-tutorials.com/wave-energy/wave-energy-devices.html
http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

gl o Jsl olola,l jo jskd bgSw b sla s (o2l me 9 09538 o, cul o (59, oads plonil Sladllae (55950 191502 Gt 5,301 ,30

10-

11

12

13

14

15-

16-

17-

18-

19-

20-

21-

Journal of Oceanic Engineering, 2018. 43(4): p.
983-996.

Liu, K., H. Liang, and J. Ou, Numerical
investigation of a tuned heave plate energy-
harvesting system of a semi-submersible platform.
Energies, 2016. 9(2): p. 82.

Green, M., Anadarko's Lucius: Tapping a 'World-
Class Reservoir'. 2013.

Holmes, S., et al., Heave plate design with
computational fluid dynamics. Journal of offshore
Mechanics and Arctic engineering, 2001. 123(1):
p. 22-28.

Thiagarajan, K.P., Hydrodynamics of oscillating
cylinders and disks at low Keulegan-Carpenter
numbers. 1993: University of Michigan.
Thiagarajan, K. and A. Troesch, Hydrodynamic
heave damping estimation and scaling for tension
leg platforms. Journal of Offshore Mechanics and
Arctic Engineering, 1994. 116(2): p. 70-76.
Thiagarajan, K. and A.W. Troesch, Effects of
appendages and small currents on the
hydrodynamic heave damping of TLP columns.
Journal of Offshore Mechanics and Arctic
Engineering, 1998. 120(1): p. 37-42.

Prislin, 1., R. Blevins, and J. Halkyard, Viscous
damping and added mass of solid square plates, in
proceedings of the 17th International Conference
on  Offshore  Mechanics and  Arctic
Engineering(OMAE).ASME. 1998.

Lake, M., et al., Hydrodynamic coefficient
estimation for TLP and Spar structures. Journal of
Offshore Mechanics and Arctic Engineering,
2000. 122(2): p. 118-124.

Tao, L. and K. Thiagarajan .The influence of edge
sharpness on the heave damping forces
experienced by a TLP column. in The Tenth
International Offshore and Polar Engineering
Conference. 2000. International Society of
Offshore and Polar Engineers.

Tao, L., K. Thiagarajan, and L .Cheng, On the
parametric dependence of springing damping of
TLP and Spar columns. Applied Ocean Research,
2000. 22(5): p. 281-294.

Tao, L. and K. Thiagarajan, Low KC flow regimes
of oscillating sharp edges 1. Vortex shedding
observation. Applied ocean research, 2003. 25(1):

p. 21-35.
Tao, L. and K. Thiagarajan, Low KC flow regimes
of oscillating sharp edges. Il. Hydrodynamic

forces. Applied ocean research, 2003. 25(2): p. 53-
62.

Tao, L. and S. Cai, Heave motion suppression of a
Spar with a heave plate. Ocean Engineering, 2004.
31(5): p. 669-692.

Tao, L., K\Y. Lim, and K. Thiagarajan, Heave
response of classic spar with variable geometry.
Journal of Offshore Mechanics and Arctic
Engineering, 2004. 126(1): p. 90-95.

22-

23-

24-

25-

26-

27-

28-

29-

30

31

32

33

34-

35-

Tao, L., et al., Spacing effects on hydrodynamics
of heave plates on offshore structures. Journal of
Fluids and structures, 2007. 23(8): p. 1119-1136.
Philip, N.T., S. Nallayarasu, and S.
Bhattacharyya, Experimental investigation and
CFD simulation of heave damping effects due to
circular plates attached to spar hull. Ships and
Offshore Structures, 2013: p. 1-17.

Moreno, J., et al. Hydrodynamic Performance of
Heave Plates on Floating Offshore Wind Turbine
Platforms. in The Twenty-fifth International
Offshore and Polar Engineering Conference.
2015. International Society of Offshore and Polar
Engineers.

Lavrov, A. and C.G. Soares, On the influence of
damping plates on the vertical oscillations of
cylinders, in  Maritime Technology and
Engineering, G.S. Santos, Editor. 2015, Taylor &
Francis Group: london. p. 1169-1176.

Zhang, S. and T. Ishihara, Numerical study of
hydrodynamic coefficients of multiple heave
plates by large eddy simulations with volume of
fluid method. Ocean Engineering, 2018. 163: p.
583-598.

Seebai, T. and R. Sundaravadivelu, Response
analysis of spar platform with wind turbine. Ships
and Offshore Structures, 2013.

Sudhakar, S. and S. Nallayarasu, Hydrodynamic
Response of Spar with Single and Double Heave
Plates in Regular Waves. International Journal of
Ocean System Engineering, 2013. 3(4): p. 188-
208.

Jose, J., R.P. Selvam, and R. Sundaravadivelu.
Hydrodynamic Response of Spar with Disc. in
Offshore Technology Conference-Asia. 2014.
Offshore Technology Conference.

Nallayarasu ,S. and K. Bairathi, Hydrodynamic
response of spar hulls with heave damping plate
using simplified approach. Ships and Offshore
Structures, 2014. 9(4): p. 418-432.

Nallayarasu, S., R. Sreeraj, and M. Murali, Effect
of hull geometry on the hydrodynamic response of
spar in regular waves. Ships and Offshore
Structures, 2014. 9(1): p. 22-37.

Nallayarasu, S. and T.P. Mathai, Effect of Mathieu
instability on motion response of Spar hull with
heave damping plate. Ships and Offshore
Structures, 2016. 11(8 :(p. 833-846.
Subbulakshmi, A. and R. Sundaravadivelu, Heave
damping of spar platform for offshore wind
turbine with heave plate. Ocean Engineering,
2016. 121: p. 24-36.

Zhu, L. and H.-C. Lim, Hydrodynamic
characteristics of a separated heave plate
mounted at a vertical circular cylinder. Ocean
Engineering, 2017. 131: p. 213-223.

Molin, B., On the added mass and damping of
periodic arrays of fully or partially porous disks.


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html

[ Downloaded from marine-eng.ir on 2025-11-18 ]

[ DOR: 20.1001.1.17357608.1399.16.31.12.1 ]

[ DOI: 10.29252/marineeng.16.31.65 ]

AV-£0) A Ll 5 5l (P20 3l Jlo b )o (gwdigee 4,85 [0l (s 5,301 434

36-

37-

38-

39

40-

41-

42-

43

44-

45-

46-

Journal of fluids and structures, 2001. 15(2): p.
275-290.

Vu, K.H., B. Chenu, and K.P. Thiagarajan.
Hydrodynamic damping due to porous plates. in
Proceedings of the WSEAS International
Conference on Fluid Mechanics, Corfu. 2004.
Molin, B., F. Remy, and T. Rippol. Experimental
study of the heave added mass and damping of
solid and perforated disks close to the free
surface. in Proceedings of the IMAM Conference,
Varna. 2007.

Tao, L. and D. Dray, Hydrodynamic performance
of solid and porous heave plates. Ocean
Engineering, 2008. 35(10): p. 1006-1014.

Pistani ,F. and K. Thiagarajan, Assessment of
dynamic factors for subsea deployement from
crane vessels. 2006, Technical Report.

Molin, B. and F. Nielsen. Heave added mass and
damping of a perforated disk below the free
surface. in Proceedings of the 19th International
Workshop on Water Waves and Floating Bodies,
Cortona, Italy. 2004.

An, S. and O.M. Faltinsen, An experimental and
numerical study of heave added mass and
damping of horizontally submerged and
perforated rectangular plates. Journal of Fluids
and Structures, 2013. 39: p. 87-101.

He, H., AW. Troesch, and M. Perlin.
Hydrodynamics of damping plates at small KC
numbers. in IUTAM Symposium on Fluid-
Structure Interaction in Ocean Engineering. 2008.
Springer.

Garrido-Mendoza, C.A., et al ,.Computation of
flow features and hydrodynamic coefficients
around heave plates oscillating near a seabed.
Journal of Fluids and Structures, 2015. 59: p. 406-
431.

Wadhwa, H., B. Krishnamoorthy, and K.P.
Thiagarajan. Variation of heave added mass and
damping near seabed. in ASME 2010 29th
International Conference on Ocean, Offshore and
Arctic Engineering. 2010. American Society of
Mechanical Engineers.

Wadhwa, H. and K.P. Thiagarajan. Experimental
assessment of hydrodynamic coefficients of disks
oscillating near a free surface. in ASME 2009 28th
International Conference on Ocean, Offshore and
Arctic Engineering. 2009. American Society of
Mechanical Engineers.

abazari, a. and m. behzad, Effects of free surface
or floor wall on the hydrodynamic coefficients of
the rigid and combined rigid—elastic heave plates

M

47-

49-

51-

52-

53

54

55-

in offshore platforms. Journal Of Marine
Engineering, 2019. 14(28): p. 39-50.

Shen, W., Y. Tang, and L. Liu. Study on the
Hydrodynamic Characteristics for Heave Plate
Structure of Truss Spar. in ASME 2010 29th
International Conference on Ocean, Offshore and
Arctic Engineering. 2010. American Society of
Mechanical Engineers.

Shen, W.-j., Y.-g. Tang, and L.-g. Liu, Research
on the hydrodynamic characteristics of heave
plate structure with different form edges of a spar
platform. China Ocean Engineering, 2012. 26: p.
177-184.

Li, J., et al., Experimental investigation of the
hydrodynamic characteristics of heave plates
using forced oscillation. Ocean Engineering,
2013. 66: p. 82-91.

Tian, X, et al. Experimental Investigations on the
Hydrodynamic Characteristics of Heave Plate. in
ASME 2013 32nd International Conference on
Ocean, Offshore and Arctic Engineering. 2013.
American Society of Mechanical Engineers.
Yang, J., X. Tian, and X. Li, Hydrodynamic
characteristics of an oscillating circular disk
under steady in-plane current conditions. Ocean
Engineering, 2014. 75: p. 53-63.

Abazari, A., M. Behzad, and K.P. Thiagarajan,
Hydrodynamic performance of multiple co-axial
heave plates with different diameters. Ships and
Offshore Structures, 2019: p. 1-13.

Abazari, A., M. Behzad, and K.P. Thiagarajan,
Hydrodynamic Damping Enhancement by
Implementing a Novel Combined Rigid-Elastic
Heave Plate. Journal of Marine Science and
Technology, 2020.

Srinivasan, N., S. Chakrabarti, and R. Radha.
Damping-Controlled Response of a Truss-
Pontoon Semi-submersible with heave-plates. in
ASME 2005 24th International Conference on
Offshore Mechanics and Arctic Engineering.
2005. American Society of Mechanical Engineers.
Zhu, L. and H. Lim, Experimental Study on the
Suppression of a Vertical Circular Cylinder with
a Heave Plate. &1 Xjj 4 0f| L X|, 2016. 12(S1): p.
2-9.

Abazari, A., Investigation of Hydrodynamic
Coefficients of Array of Heave Plates under
Translational and Rotational Oscillations, in
Mechanical Engineering-. 2019, Sharif University
of Technology. PhD Thesis.


http://dx.doi.org/10.29252/marineeng.16.31.65
https://dor.isc.ac/dor/20.1001.1.17357608.1399.16.31.12.1
http://marine-eng.ir/article-1-785-en.html
http://www.tcpdf.org

