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ABSTRACT

Increasing the efficiency of systems in commercial ships, as the most economical
means of transportation, is important for reducing emissions and costs. Increasing
propeller efficiency reduces the cost of operating a ship. The most popular kinds of
propeller in merchant ships are metallic submerged propellers. Due to elasticity of
propeller structure, hydrodynamic loads acting on propeller structure change its
geometry, thus the hydrodynamic efficiency changes. Deformations of the blade
depend on the properties of the structure, the elastic modulus and the Poisson ratio.
To investigate the effect of structural properties and deformations on hydrodynamic
performance, the Fluid-Structure Interaction was simulated for a propeller named
VVP1304. For this purpose, 6 cases with elastic moduli of 0.7, 6.8, and 68 GPa and
Poisson's ratio of 0.17, 0.33, and 0.49 were simulated. By decreasing the elastic
modulus and Poisson's ratio, deformations increased and the changes in thrust and
torque coefficients and efficiency increased compared to the rigid propeller. In most
cases, the propeller efficiency decreased and in certain cases, the propeller efficiency
increased, which indicates that it is possible to increase the propeller efficiency by
changing the structural properties of the blade.

Copyright: © 2025 by the authors. Submitted for possible open access publication under

the terms and conditions of the Creative Commons Attribution (CC BY) license

[https://creativecommons.org/licenses/by/4.0/]


https://marine-eng.ir/
mailto:m.s.sh1391@gmail.com
mailto:ma.hedayatian@iau.ac.ir
https://orcid.org/0009-0005-0564-3755
https://orcid.org/0000-0002-1470-2906
https://marine-eng.ir/
https://marine-eng.ir/article-1-1214-en.html

(FS=FF) AF+F A 0,lods ) il ol 53 modintpo &g 5

Yeor
039 (owieigo 4 g
marine-eng.ir 4, ;s Lol axaw

‘0;“

dilgy Swoladg a3, Slos w0 slojlw yoles Wil

=Y ‘)%‘&‘5.\%‘ \‘5“ *”,“ o2

m.s.sh1391@gmail.com ! eblsw! ¢ oMol 3151 ol&iisls oblawl asly « SilKa 04,5
ma.hedayatian@iau.ac.ir ! eblwl ¢ oMl o1l oKl bl soly « SSlKo 09,5 7

s Ao eledb

Ja g Jo alwg (g a8 0 4 ol 4 gyl o SiS o easlllw ooo3L iol58l allie azs )l

LS 6ot iy ellyy omoslh il 5l Corenl baatja 5 (FanYT alS gl VTV allie 28k 0 &)
VEENN S allie oMol &)l

St (5518 590 sladily (6,1 sla giS yo ladlyy (S glase ams oo SRalS ], VECENVA sallie iy g
: : CURN T
0 8dos i 10 5 ABO e i |y 0 dwidn 050 0)lg dlyy 4 4S5 ala )Ly VECENNA e izl & s
Jsse sine ool sloslmss olss 4y voy oSt ki S 00 i o] (Saliog o
2SS s g Glojl (olss Sl o) 2 sl 01 (Ko (gliy Comd 5 S . ‘ o
: «lojlow o> « CFD. (35 50 aily
VP1304 4y, (sl soae oy 42l ojlar Jlmw GiiSiom 2 Salizogyien o Slae Sealizog o0 2ok FSI
Jle)ng}?UWLy‘(_g‘fw‘o..\.w@u))_;a_;‘sﬁ Sol-uo”.\.&ai :)Ju]f‘ﬁ

:64:?15 Slls

w303l Lial53l il dmd e ks 4 il talidl alyy aoil cols slacls o 5 0

D10 0929 05 (lojl plos s b ailyy

[ Downloaded from marine-eng.ir on 2026-02-08 ]

DOI: ISSN: 2645-8136

ey D


https://marine-eng.ir/
mailto:m.s.sh1391@gmail.com
mailto:ma.hedayatian@iau.ac.ir
https://orcid.org/0009-0005-0564-3755
https://orcid.org/0000-0002-1470-2906
https://marine-eng.ir/
https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

S5 50 0 Slen 5 (Kol iz (e Sl 00l
Gl 20,8 dlone dilg p Al (W52 Coles 50 5 o0 43S
g 0o (i )liel (0205 Gialosl SG sl esli il b Jo (g,
50 ok i ailine ol 03g oy Ve 3l 1S T sl
418,55 )18 aslllas 5,90 adly y 5 Shos 0 Slo S yis
o]

zob—w 595 hsS 51 N AA8 Jlw o [4] ol 500
adlyp o Sles (easd gl Sgamme (Ll (g 5 Toaimscisl]
ool b IS ypsd 9 (005L 5 ol jglisS cal b Jols
5on shpbralr slolw (i3u )3 ) (nl DY gezme 53,8
olial JI5 51 asu aiiws Ylaals 5 @08 SVl isu o
38kee 5 ol Glo S 5is oy Cali o Sl ()
@ Sesludgydee Jlod gy nl ol lypy (Seoliasg one
) 59500 Ghg,y bt (o Bai K 0s-b oo 0l * VLM Lz
B Vb (69 pan ol po 50 les S auslie o1 O s SO L
Soriar culpd yo Lol 0dgy Jou3 JB (Seslnngjoud (gluads
oy 4F wisls L5 gl ol s el oy Uas oS
9 3,180 Sl ey (Soaliogyien o Slee  SeiwWlg)aen
b peizen iidn S | o @l s 0 o] 05 Ll
algp el g 5oliS w0 S ot 0 Sl S
[4] oS soi 55 o] (203L Lol sl o i3]

O3 9 03 03l uiz FIYNY Jlo 5 [0] ol Ken g (ol
Sl i, dslllas dilgy o Slae jo 1) ol S WY ISl s
by aF wlgo s 138105 99 50,5 55 5l anlllas
e ol 13l 5 o8 i 5 ol Bl dnngs 5SS
Oledl (g, 4 ¥olee Jo g iy 0l 595 L ]y Jlw
g00—b 2R g e Jl S5 e S (oo Sl (6550
BLal Jo @y aililaz jsb @ carjl 5l (26 (55 A
OR 59y 0y G5 9 )28 @ie8 65 SIS L e S oo
3o 9= s 035 e dilgn jgli S g Sl 5 suma
slizl Gy arly o ojlmw pgd Jl3Ble 5 o Jlw lage Julo
i 3l om0 dsin (Jolod (29,5 S (o0 Julod Sgume
awiis (Soolindgyond Jolod b egan lopls adlge SISt
235 3l g Aai (280 L g oo T gl 13800 5 50 apar
Szey> &S olr b anld ol oo (bl pgo 8l 5 0 S0
aolol 8 )5 Jool> o Koo 5 aigds LSy MlS Jlgie o5 40
IRV Fpg

doudio—
O P8 o & (y9 ke ()b Gl iS b by JE 5 Jom
o oS (gl Lis oY pleads g,
2 s et 4 5 ol 50 Jai g o sloanse Lo
oiily dcgemme 0 ls slotg Caanl 2o3lg e slo i
b 50 Gayinin 9 S ol g5 L 39 0 slaaly y by oS

a3l Gl

S gas Bpan oS Sl Sl Gliden 69500 4 (Sliss g SeS
shexe sloan ¥l iy By as el LasS (005,
A delg adg 5 (g ke

Al 13 Jl— Jesll pnSe slog i (o )0 adyy sloo
goodls i | ol dwais oy b i b wilgs go gy oyl
o JSCs iyl 0,380 13l &llyy (Sealiysgyonn 3 Shas
D18 (S 0y s i ] dwain g o slojle olss 4
o S il Sl o 5y b 5 5 sl
o o Slalllas plogl 1 Bas o 5T soSeo oli_in ano 4o
b alaalyy (Seslusg,oen o Shoe o S0 1ot (o) 2 0l
Vsare laaily s iz g "YU oSl 4 gly aisle ooy dwaia
@bl n jlesliiul g el o 5 ol o 48,5 L5 55 5
plasl (SR)oslS loaly p Julod w5 ke CuenelS iz
Jolaie ails p SVl o Jdod oliiw ans 5l g ol ol
 slosl sla el el e (sl ol S 5 5 035
sl o5l o ot G55 38 oy b b T 5
e oo [2] T VAVE o 1] o e plov
3 VSl gl b oy o5l (Sl 5 S
3 o1 ol Ty Sl s oLl i, 44 yans
03,5 Sty hop )3 plralr 5 (i Oloe (b (I3
(3 dged dmlie (0,20 Gialejl @l L) ol Cewss gl
3 990 Gloy e g o 00ls Sgage Dlwlone Sae s (g
b sluad mmls Cl (hals adds 5o a4 (Jolod y2 el 6l
Bl (Joad LB Sloten 1 02 cens L

Sl 5355 [3] oS S5 199 L o
45T SN (595 5 Wold dawgi |, ALL3S )3 Jolie 35290
o o pigiillant sl sl 05 o Blod |, &5 > 3
St Ylg o Jolod (5,595l (ol 0 )15 00,5 (Byme
3N (S g Se iy S5 > oS 0g (2b)o sladllyn
b i 5 a1 ) e Sl sl 555

5 Huei-Jeng Lin

5 Lifting Surface Theory
7 strength of the vortex

8 Vortex Lattice Method

A

! Highly Skewed
2T. Sgntvedt

3 Shell Element
4 Suo Zhigiang


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

049y bl e 59550 e [11] o) § S8 Y- Y0 Jlo po
b el Gl gl () 2 bl i) s (20,57 Jae
b aiBliprons delite 0392 5 (ilS )8 059> 50 aly p 00D 595
Joe ol s e ol il aloil (glo S5 el 51 oolic il
Gl ol oo dge 8 a iz duliie Glaozaiz ¢ 1,5
L alyn Sdgo b gly catlhan gy Joo cdo 5 LIS a0
B9y i Al «oled jo od Judow el j138le 3 oola !
5 kel el cway Gialesl 5 g3l pleol )b 5l aily

20,8 0l %11 5 s el b Jas ol cds

33 00 bl 55 enSwl arely b [12] oo 5 5,k
e st.: ...\.;.))5 r ‘) Yl.v 5..&.»‘ d.asb la oy 7 6‘4)‘5))
)‘ 54)‘5).} w}!lbm .))S.Lo.c POy 5..5&..»‘ 445‘) @)y )..JL
9 S 50 saboll i Sl agly LialiBl b wodsl cws
81 4 4,535 5l iy Gljl ple 5 il Aldl aily 4
agly Gl Gl b cpiores 0l oo 00,0 120 g0 j0 4z o

Al s palS (Seluog,as Sledly 4yl 5ue cguSCu!

o3l Jlmw (25l Lo [13] s 5 o (Y- YO Jluw o
15, Seals el im0 5l oolaiwl b1y 2 50melS aily (sl
03w Jlmes G5 )il o gl s gy S Ly il
obys slaaily o US55 45 wo,S sz 1, (FSD
Sl ) LU 550 Qldl 9, )T 08 oo dslona | (2 550el8
2200 5 |y o JSEE pesd 3T B s, ool Jle Judos
6,55 Slulze 4 Vgane FSI Julos S aS LT 510,05
s ey 5l ookl b (slosl Julos 5 el 5Ls (goante
e i G,k 5l (Seelinogoe slayl g o el
G55 %e s, b ealed 5o ol had (ulS,8 059 4 (Sl
bs 00,5 gilwand (miwliel ln ) (eeelS ally 99
Cwd Joub JB Cdo b (ol 4 S Glle o) B

aloz 5l be—dlogy )55 plow (b )3 FSI g5lwar—s
A 9e 9,57 ey b Sk oy w8l 98 Sloss Bl Glagms
Al MalS oyl 0,5 )15 Jguol .05 g0 ookl il S lgae
g oo 3 s i y5 ol 41 a5 Slayl .l S, slaals
50 ol loslw Julow coq cpl 5l g oyl ol—ai cools
O 5 15 000 (glofag Coenl (el 5 (Siliwsl sla s
— 570 e e ojle FSI (g5l L[14] Y- V8 Lo o
Sl 0305 Julow Sl la )l cou 1) Sags a8l

el 00 r:l:u‘ u,....._..u‘ )‘)Bhn).; P ad,b G Syeo a FSI

VaF . and B )la. uM 6|)J ‘su)j...ols 6LD4.:‘3).1 )l cola_ul
] 009 \LSB)}:‘ oles ol (6 Kale sl o (e
dwnlie gl sloo s b yo slaccus (59,90 4 ‘Q] 3o
$3mo,0 YO als el cowas lbecus 51 aS gy JB 4
[6] 55 (eels ailyyy b sl ainy g s ¢ 990 Ll |
Iy

slaasly,y So Wiy ane Jdow (oM V490 ans o iog.so
Sl laline Yl Saalizs g, 59 4 | (Seolizos s
Sgaze gl e yhgy 99 12 40 (slojl Julow .aiols plxil (65 0
4 lojlo 5 (Seslusgyien Jo oS by, 90 2 53 o plox]
9358 en Jloel (6500 Gledl (g5 & S (6 oz 5 Sglite
iy Lol el 26035 oably @y (g 5lman b oy o0 HlaS 4
aily g ilwan b ls alio o)l g dn Slwbx
&35 o9 Deliie saimsjlii aS ooy o Il 5l iy
el Vo S aml o Logas o, o o, jLid

Ut s ol Jloms glajad (S5t g, eolisd o35,
oo L3l ol )15 15l G lgre by, ol CabilB g ol
e YoV Jlw oS —iagh 50 [9] o) 5 SOl .ol
algp g 8w alils )l Jlae [l ol Jlw S )00l b coads
.\.\30; solal AL goro ).’9.’ AH..\L?LA B U] )‘ 9 \.\50)5 R ‘)
Wlgy Jid 2 oy ol 38l L aS 098 oo ailas Sy o e
@ 5 O gk dolay g0 Hee dels 1ol oo I
Dgd oo by Do

a8, g0 o3lwacs 4 [10] oo g iy STV VY JLo jo
Lngd‘-;‘j}f. )‘ 43; A _w L@‘j .&)51 S |) dj‘ﬁ)‘i ‘é_iu__w;] 9
O A Glaiolas Ho aidged gilwan b 5 |y ShjeslS
a5 b et i wiols ploil a8 )b g0 g a8, S, o5l wa o
e 5 AT Ay Jlade Wlgi (o0 a8yl 90 FSI (g5lwar 2
U’“‘”)"‘ef' s ) 44‘9).' Lf‘).la o 45‘) 03— olJu‘ JLMJ
Jodo 4 a8 Lo FSI Lo 5l ol SiiansST gl S o

3 Blade Tip Region

1 USSR (Union of Soviet Socialist Republics)
2 Hyoungsuk Lee


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

355l 213 6ty (203h o 0y s 4y o o
B9 (o0 0818 Fuly "o L

Sl oYl -
aolol o igd o (g3luand del> g Jlaw aiels aSiyl 4y axg5
B9l oo Gle Sl > g slosle S oS> Yol
&b S - )
olaed 4y (S giml gl SYolae U hguire b > (g3lwands jo
sl Al il den U cal 5l So 68l slal b aSlils g0l
s )0 slaailly b T > a8 [15] g cvnlie laals 5 g
3leolaiwl gl a4 (ebdie )b ,> (iladas jo i S
Sy S by ol ldiasie Ol oyl 4SS
@ Slog jlade So g lagie ke S Oj5u0 a4 Jl JLiS
adbso (V) 9 (1 SYolee IS

P=P+P A
V=vV+V ™)
(&3l 03lis g S gianl gl SYoleo 4o polie (pl (6,051 L
SYoles cnbeSTy b, 6lp 08,5 oo Sl T35, Yolas
el 25 Oyg0 @ 3,

o _ ™)

ox;

o1,
ot

ou, _om] - op o 1 e
p[E-Fu]-a—xj]—fl—a—Xi‘l'a—xj[M —pulu]] M
e (el W) pll sloadlie e i 0 @' 5 LW 5
oK L;LQ)?.?LA )i:L».: Xi dlwd C& A.:Lal_wy 9 ‘L:_wj.ue
Sl i —pUU S Aolre Sl Cas o 3Tl
wily Gl gt sla bl 4 a5 il g, A5 L
.]a__.w}uo 6LQJM 4_\.|) ui M——.MJJLLG.A UT u.dL\. 6‘)" 9 00g
[17] w‘o..\.udj‘)‘ ‘5...»}[9;)94
alayl) ol T35Sy g0l sloJe o Jas ( iiBgyne
Mol aS s i yiahl G 5l 5eSy 6ol g @Sl bl

2 3098 GRS Hlaie g ISl s (S (bl Billae
p e d0 4 L Co s odgaze (gl az ;0 88 plE al;
el 0] Casd a5 oole i 5l A Gy casli

ool ax8 § Ly o ool sle (g5lwonlw iy Slalllas o
Gh9y 4 LY sl o b SVl (gilad ales 5l
e Sliys S0l oS s a5 oad plowl 55y ool
Sro o Sb S 59, 550 51 25 S99 Slyn 52
FUELRUA I 1 [P YVIPT N S VRIS VI | ES N I W N =
S oeadly )3 el o Sla By Jlw plase b S
s allin o (152 il oy S5 50 (e 5l sy
SOy 4 4295 b iy Slalllas 50 glojlw slaglrasl>
oyl adlyn o 232 Gl iS50 ol (e
g0, 28 > aly a8 Cewl sand NS e Sl oK
oal g e g Oz Sl olKis 4 oS S¥oles
il log s Wil o g sl (g5Lmosln SG (g,
5o add 5 i laise olKiws g, gdle 4 .0uS (g lwand
el oolizadl LB E 1Sy 58055 Jlems sz b of5T T b
5 Ol 5o s il o b ol gl Jols Jilos 55
S3ld (g (nl )3 S odlii il LB Loy S
Joles 5l ool wl b ol3T T o VP1304 aly S ¥lg joun
ad S 5l o gy ele Jlow 098 o0 plol 435l 95 Jloawosls
a8 595 o0 ploxil 35, SVl o b (b e Jelow g 00
o sgama slizl Ghg) arailyn ojlw S)ls (6 ity B
725 9 Pl g ol 0 Klaon 5 (Sen oy iz 2305 (o0
3 03,8 oo Jloel —Cudly auldem adlyn (A2 L3S 1
=t (55t lagz g, ((Senlindg aee (g5l
9 Se¥l Jgie o (Sealoogyie (o33 g joliiS g Cul 5
5 slojlw S sla oz g S el it (gilgy S

Lalon Sg 2y gon JS5 i
ko5 w2 blBle 5 iz & Gty Slilllae B 2 rizren
Jelos Jolb o Jo i (ooled gl cal 5o il oab
J¥ley 5o Lagl JasS 5 losl—s Sl o Sealing a
ool ;553 slagssluosls 5l 5 99t oo plamil oMyl sos oo
@ G lwan b iy Slalllas 4 Cuid AziS )0 090 (o3
oaiyl Slalllas (sl 1y (o)l 5 )0 (5 iy b ol
sl B2 e po Slaglasi a5l ey aS(o0 (Byes
145 G ol s R 2o b SVl pues slua

8 Eddy Viscous

! Moving Reference Frame (MRF)
2 RANS


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

it s Lo 23S oy ol gl alsles 6 Lo «(A) alsles
s Jolo SYobe 500 O¥slas 3)ls 5 o bl

oijj +fi=0 ®

039 9=y ) fi ()5 ez Slog s (020 50 ez (SB9
WS El 5 Q) b, s 15 Sl Jol 4 (o
gy (IS oo ;3 039 §95 Wi oo (o> by
sl slee 3 alasl, cpl bl 5 slog i b arboliieg 2SI
27> Sy b e (9)0 b po 50 s oliide bLS)

IREX PPN
by 248 5 it an ) olge (Sapd (eles a5 Sy,
;S.......uY‘ 0‘9.A &‘).» as JJH‘SA oJ.».ol) duastie OYolro ‘\A—)-ASGQ

1+v 4

€ij = —— 0ij — 7 Okk0ij
L 0+
Ev
O'ij = —ekk(?i}- + 2—9”'
1+v)(1-2v) 2(1+v)

5 o) alslae 3 s w58l poass Sym 1)) bl
oUl gl S > p 55 (6508 50 9 (M)S >
Sam¥l oole 5l Cools 5 Laih aasio Laly, Ellas .ol
SVl Jgto sl 53 o L8, o (sl 0 Silon (o>
SYolre )lg5 oo wumols g0 (il b (V) ygwlyy s g (B)
Lo a5 cidigs ,50kwan o Sl e (sl |, dadeie

Asloe Cewdy aoles 6
15 oo ol o)ls aolee 15 sal> ylae S olae oS
adlse 6 (U plzradle adlse 3 Jol b aS o)l 53 Joeome
ows o &Sl bl (075) i adle 6 5 (€55) (5,5
il Lo slo g, el il oV gpome L ¥oles ol
20905 eolitl (508 (sloig, Sl il S sl 5 o S

Jo byl il i 9 (o dSaals ¢ (e j el -

O G e bl Al e a4y (o0 (g5luand 2
05310 ey 4 bogy o Slandals 100 5 oo anedil 0310 5 e
b Sl Gl g glawbre aSil g dials (i Jow Jolis
o el el 5l e o liel 4 g slwan s ds
J> b o s a5 alie alie G (5loand e le
b ool sy zuls dnnlio 5 00gr (o yiwsd 0 ol Gds Lo
[22] jime Judos b o8iolej] molis

d.‘a)‘) L)"‘ L) ..\..5‘50 K9 409_..»‘59 o..\...al.: ‘th\u_i..a_w—‘ u.‘>)-‘
(855 5 L) bgio e s sloadlgn (L0540 jlgi; (25

109 g0 o o
N LA
2
—3Pkdy;

s ¥ glea j5uil sloadlse 6
A5k el Jlow Gl > elgil ples (10 &5 (caiVny58 Joo S
sloJos k—€ g SSth—w lajos ol 04 >4
ke — & Jow yo aimly s aS s gm0 glalolaego
5 5o 8Ll 2555y 59l S i ol G5 Ol
29,5 (o0 Gl ) Dype 445 358 (0 AT

2

e = prk? *)
S5 Ploradl £ € 505z 92ly 5 (b iz 3K S
)LL&ALQMGCAQB\&PCM.CAM‘P)?»‘jJQWJQwM
Ploxa bl 5 g oW iz (65, 0ib 0 0.09 Jgore
8,5 duloe JUsl ¥oleo Jo b plgiee |) obM (pioiz (55
[18]
Pl g5 slr v w Sl Lu6l5,8 51k —w o Jow
UK CERRVEC SRS FERIN DK STIEA IR SOOI DU S
€9k policase = wk oyle b wg ol o], Sxa ]
Sy 5 alaly gy iy (Siail gl el by e

k
He = Cypz N\

2ok —w Joo goidged pisual gl ak —w SST Jos
adlyl o)lgeo 51,00 (>le o K — € Joo Lioyles Suoy 2l
Ltbul:)} )‘ (g A ‘_g‘).g k—wSST JJA ol 00

[19] el oolazal 18

Sl K> -Y -

ce—lml OYolae il Slal> (g5lwa i o WS> Ll
o3l yo |y G lawe S o618 L anl Slawl> SIS
G)o‘);@hwc)ub@&bmbjwww
Lulg, 51 (SO o JS b s 09 SzgS 2,8 L [20] o)l
2l Slaitie olfiws ;3 (1655 el aal) (Sl
ool 2y S50 4 b glralr oo

1
ejj = E(ui.j +au5;) A

2 Identity Tensor

L Turbulent Viscosity


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

13D 5D
MNo-5l
Orrerset P
ers Al
== -I
Pressure 2D [I | Veloaty
I Dutlet L - Ird et
35D
Slip Wall

(6550 Bal 5 Sllomo ol ¥ S

0 adgi o 5 gy 4 O plism o Ll IBle 5 50 oS
Ao Oloie 4 b i b dwain pox> plad ¢y, (pl 5o .Conl
wwsao&fdﬁl}wc?hutbwwaawowuy
B> ‘O)L.\.; S92 l.mu—l 5o JLA—A.AJ as @me” u,u.n ‘WLQH )99
B oo yp, ol goly Olass (Lid g Ce ps pgazay)
O S0 o F USb aig 5 00us 095 Ol s aS o
0578 ¥ S jo puizred 5 w0 i | dtels (gunasi

el oo ooly iuled oy éa.w S Al

o

5
555
PSS
355
255

o
%
558

K

o

R : P
e’ P
NSNS

oo slod 5o diald gy aSuid 18 JSb

ally p Sy SiVlg 000 sl st Snd Sl az g b
B9 oo osliiwl i Ll gl s 90 sl s el
Jo i lzel gl iy ST OT GalosT 6B L gl Gtales]
Pl pgo talosl 5o gy 00 T ayailyyy SlLbI Jls (o
Sl JasS o9y oo 5 <o " pdgdllasl Yaig Ghlesl”
elal 5 s mlss asy SatasVg e Al 5 03l L
ol 25 Loyl g3l (mis liel i b (talejl 90 0l
g (5

ailgy o1 of Jwloyl -V =¥

50 VP1304 oo wlidio ailgp iolesT ¢ ol o Liel (sl
2O SVA (i iS am b9 40 a5 845 oo (55w ol51 O
s 5 ced Lyl o iz 5 ol sas s LT plass
ol wdid Slas s ) Jgaz 50 0il co uyiws (o
Al Jow g dilgp awaia ¥ S o Cwl oud oo)ﬂ alg

.Mbsc ULMAJ ‘) ‘51)23 s Ls‘)" IR

[24] [23] VP1304 ails ) Jso

Sl sles Slb
0.25 D[m] ks
0.30 dy/D SF S
5 V4 oy Slaws
5,5l - O g S
1
15 n[-] sl gl S
S
kg e
998.99 = ol J&

[23] VP1304 &l o) JSuis

Sl l38le 5 o iy (g3lwan—5 (6l n (Slwlone anels
5 lhabe aals il> slos casloas axsl (odlpl o oo
68 b aials olul o oo snlie ¥ JSCS )3 (5550 Ll
& yg—o dxdials slal 8,0 6,8l @l 4T 0 sl S5

ol o S5 aly b 5l ol

2 potsdam, Germany

oy

! Blade


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

0400
KT
0395

-
g o030 1

0.385 +

0.380
0E+0 1E+5 2E+5 3E+5 4E+5 5E+5 BE+5 TE+5 8E+5 9E+5

Number of Meshes

Sl 6 Jokuw dlowi cams o Cawl yi g b Hlogad A Sl

1.050 1 10KQ

1.030 +

1010 + .“N *— —0

0.990 +

10KQ

0.970 + + + + + + + + !
OE+0 1E+5 2E+5 3E+5 4E+5 OGE+5 6E+5 7E+5 B8E+5 OE+5
Number of Meshes

Aol b Jokw olaxi cams o 59llS Cu po Hloged A Sl

0620 T
hO
o615 + ®a
Q 0610 T
0.605 T
0.600

OE+0 1E+5 2E+5 3E+5 4E+5 O5E+5 6E+5 7E+5 B8E+5 OE+5
Number of Meshes

Sl s Jolw Sloxi caws ol3T o 235 yloges Ve ISo

J> byl loghiss ¥ Jpuor

390 Slegdass o
Three-
Space . . Somdw oo
Dimensional
Time Unsteady LLL b o sule;
Material Liquid lo ole
Equation of . . e
f Constant Density ol JB el alolas
State
Viscous
. Turbulent Sgdae 1l > £
Regime
Turbulence RANSE

By olacel Jowe
Models k — € Realizable 7 J

Motion Rotation S5z ol Az s

Cnd 3ilae 165 6 0 (59, ol jo aly (o5lwa
Wl i gy S0 505 (g 3lwa i zls 0l ploil oo
J> Ay p i (g9, o e p el g gl
o 5y yao (59, ey 5l (228 Gialej wlie (g00e
o ] 50 gbtS g Sl il il oS (So by 0 U g S
g lwan b mli . cowl oo ools dalsl (J=1.65) Wi

oy oo (guss Al :7Ji.i’)

2 480 ssu> Sl wloxe slalall slass Gregs ol jo
shloaSojls @9, 5 (65w e b JS cruizmen oSl oo
sloglall sy gl g el 0.0036 M L ply el s
(7.58 X 107* M) mhau 5l (o5 Jlu salold jo ()00
ol illome a5 Y laie a5 (glaisS 4 conslazs S 18
ol 28l Jae gl a5 (¥ JS_5) ol 150 51 oS
b gamasas o0l [20] [25] cosl cslin k — € Realizable

ol o] sy a8 asdllas

o> sles

0.00000 50.000 100.00 150.00 200.00 250.00
Wall Y+

S Y+ HgEl Y S

ek S5 55 0 5 lone a1 85 gleS il
iz I cnl 6l el Connnl o sl <sls 15 ang
Sl aSl 005 o0 plowil Dglite (guiaSid b (gluad
3 55 ol L] ) o s a5 5y, le o
59 a8 aslllas 398 s b Joboo slusl 5l (233l 5 55bess
2 aS ol aSls . crwl oad plodil oyo0 s byl i 9 =1
soliiwl o2 (som slas;lwand 10wyl o Gy LS oyl
BA Sl 5o aSus axlllae gmlis 4 bgs o (sl lgas .0 aalys
G azg L6 Cll> daloges sllae 0gis o ooaline Vo JSi
g Ll aled 4 Gl 4 Wl e o o 4SS al Sen
5 s b IS L 38 ] e ol b

ol odal o ol 5l slaods ¥ Jgom 0 aS ol


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

sl oS g @l azg Loy o 8 Jo slas
Sl e oy, g Cewl (Jaud JlE coguze (o (gous =
o )‘0)5}).3

bl 4k iale3i ¥

S s ol 002 ] i el gl oS iyl
Sl sog0e Gl )0 ' Gl pgb iz I pdyillanil ais
L[26] 7 55 sl oS tils o iglejl ;5 il eyl ol s
5 ol ol Sl e e gla S i gl ol Bae
RO PR PN I O UUES 1 IRV . R SUTIICRP I 2SIRY
Silas ©j5m0 ] Glalejl aegaze (lr slas VY S
B0 o lid

not to scale
30 cm
3 « model blade
_d _§ « blade holder
T O+ Torce semsor

« acrylic box
102 em 45 emy

[26] Sias¥g st sl e gorro Seilad 900 Y JSC

and el 0o plosl T 0,5 by b ol LIS S o iolej]
3 dae el ool Jaie Pods 1oaSs G a8 O ygo @
Ol (Prre 0 asd 0l 1)8 i 1od S (64, s ol
Wad dwaie ¥ Jgas el s 650 5l 2B CS eSS

a3 oo Ol 1) ans lojlu plss 5 ()L > wlasie

[26] [4] by 9 ax wlasdo :F Jgu

Slade [\ oles bl
50 [mm] l a5 Job
10 [mm] b G e
2 [mm] h FERIONES
695 (e ps s J5
m3
500 [kPa] E it S g
G Ggmley Sond 0.4 v S gy S
m
016 £ U S o
m? ]
0.000001 s v | ol Sl
s
kg e
1025 [ﬁ Py ol J&

5&51@bgbwd@}lwﬂ)w‘wg}5_&

g (oo oadline VY IS o ¥ oo 10 cieid ol pen 4y (g00e
i o o sl a0 g Wil end aslio po b bl (izren
9 ksa"))l" ‘)5L_m5" Wy ‘W&‘JJ “«59 7_m.0-’ w‘)_.a el sl UL&M}

133l o] s iy Laslg, 5l Uas ausyo

= Sorie cuye (V)
T - .- .
Ky = /W wlj.s o o ")
Q e )
Ko = on2DS 2LiS e (M)
] Kr
21 K,
AEXP _ 4NUM )
%Error = g oz oy (8)

Salojl gl b aglio g goue (g3lwamd gl ¥ Jgux

%Error EXP NUM

ho |10Kq| Ky | ho [10Kq| Ky | hy [10Kq| Ky

- | 204 |8.08|0.00| 2.08|0.96|0.00| 2.03 |0.88| 0.00

6.36 | 0.01 | 6.35|{0.15| 1.86 | 0.87|0.14| 1.86 | 0.81|0.20

6.26 | 1.35 | 4.99 {0.29| 1.63 | 0.75|0.28 | 1.65 | 0.71| 0.40

6.03 | 3.01 | 3.21 | 0.43| 1.40 | 0.63|0.40| 1.44 | 0.61 0.60

596 | 3.71 | 246 |0.55| 1.18 | 0.51|0.52| 1.22 | 0.50 | 0.80

6.45| 3.85 | 2.85|0.65| 0.97 {0.40|0.61| 1.01 | 0.39 1.00

8.20 | 4.36 | 4.20 |0.73| 0.78 | 0.29|0.67 | 0.81 | 0.28 | 1.20

12.48| 4.72 | 8.36 | 0.75| 0.56 | 0.19|0.66| 0.59 | 0.17| 1.40

38.20| 7.44 [33.60|0.55| 0.29 | 0.06|0.34| 0.31 | 0.04| 1.60

85.81/10.98(84.25/0.32| 0.21 | 0.03|0.05| 0.23 | 0.00| 1.65

25

Performanc Curve KT.N
5! ¢ KTE
10KQ,N
Q m 10KQE
- 15
g hO,N
S ho,E
-1
=t
X
0.5 A
0

0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 18

b3l b gous (65lwannds gulis duu Lo 1) S

35S it auloe gl L4l S (g5l 5
Jo slalas 1.4 5l is g9, ol o 0 il a0 5
,laie J=1.65 o L.a9..a.’> w0dgaze (pl 1o .l o ioljEl gous

00gdta 4O LQUT )L.U.c 9 09_..»60 ‘1,5 )SLA—AMf 9 u_w‘)a w‘)_.o

4 Recirculating Flume
® Blade Holder

! Silicon Foam
2 Cross Flow
3 MIT (Massachusetts Institute of Technology)


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

Ao olalr jlake b ol slal> 5 5l 550 byb ans
i 355 o oweli ' ols 0d Mol a5 cel sat !
L as T zobaws plo sl ols )85 (5550 by 5 ais )85
T smled £ 5l S i mhaw (6550 byl s e jo JLw
Al g Jhw asals bl | Jale (650 by cpl 0gd co Sl
elalsbgon,s Jaiw oy arly Jlow gl i a5 conl sl
Dg oo lasl> o) v

el Glojl o 95 51 45 Wg oo (GAmAS—S (290
plml as oS 4236 Gl bl ojlw aS i gois >
S g Ay (Gdus > cdad dwdid (j0gs 00l 4y d> g3 i 09l oo
Sl 00 bl yleslls

Sy 4 dsdllas 1 b Jolow dlows ¢ J8 e )Liel aiilon
sl Jsbo olows b (goinaSits jlo> «aSids anlllas (gl .ol o0l
o] 6lwdnis g oo a5 150 380 U )50 40 sgo> oy
S Jol) g jlivancs gl Ol sy jloged .ol ool ploxl
L(S) curd 9 os @ 5 So s3ges 5 Bl sl plralr
sl 00 e 5 VY S B0 S o aSl slaws s
6‘}-‘." Egozno aS el L&sJ}l_w Jf Slauws Lm)b},o.i c>.(>.9| BYE
i Jlow dield 5 dol> asals

3T

D x/b
25 1
—e9
2 +
o '/‘/k
X154
(@)
1 +
0.5

OE+0  5E+4 1E+5 2E+5 2E+5  3E+5  3E+5  4E+5  4E+5
Total Meshes

Gilizeo g Guiadsl )0 did Sy v o (Bl ploals N0 SO

Ol s gl s 44 Sl ganaS—b 5l deloges seled (o
el Sb lgie b gonaS b onlply Wl (oS s
oledl )52 220 sgu> 4 > (o a5l aazme 00,5 0 ]
BVA JSS o and g Jhs atels (g aSeds 51 (g pglaai o]

gy oo oddlin Voo IS

0dl I3 anS Sgdm o sl sl 3 50 oo b Jeox
Jooz onl 0 e wlralr 5 S0 o po aslre dbal) ol
4 45 oSS @y ate iy 5 By 9500 055 o0 odmline
o elS 4 4 Sl el il 5 o] s

[26] o ls Uas oo o) ¢ olKiole;] &l

[26] [4] ars Sl ome Giolosl gulis i Jgou

)Im Sled );ol)g
540115 | Cp = KRN
1.15 + 0.11 > = 050, UEHl FHCIE S
)14 D, B plals cos
' b P & AT S
0.59 D, $o3es plralr Lo
' b Bt 4 i Sy

;IDZ . .

$o50 5 Bl plralr
dxg S
[26] as g8 gzl g i ios VY S

Seop slod 293 sles

ol bl a8 ccul Lot v caSeo o Seelindg,uue > aisls
byl dxd (2,8 o>y olal ) 0gd e odalie VE S o
Pl g by bl b s awase o a5 @ az g b ssloads
Ll 55 o ool i 5,50 & (55 Lnncs 5 glojl

el 0als ooly ylzd S ol o 5 Glawloee aials (6550

side: Shp Wall

> '5""”'
<] Ouyg
vfloc,
Injey 4 I

. Blade: No-slip Wall
<

Lp Wall

Bottom: !

sym: Symmetry

2y Sllanil aid (g5lwapd )0 ails dlul 9 (5550 bl NF JS&
lp b (Jhw assls b sl assls lojen Julod 4 4z b
S 9o a0 inlel )3 09 Ll (6550 Ll f ey
A5 00 S (5 yob olF AT Amis g ol 00 i (oS0 s
eSS asmao gl (gjlwani o5l Sl 4o

2 Contact Interface Boundary Condition

! Fix Constraint


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

Slojlw 9 (Saolydgyuue Jo Olonlild :F Jgu

2,90 Slolas o2y
Three-
Space . . Gomdn Joe
Dimensional
Time Unsteady LLL el o gunpls;
Material Liquid le ol

Equation of

Constant Density

el JE> el aloles

State
Viscous Regime Turbulent Sgtie bz g9
Turbulence RANSE
[ A2 I KV
Models k — € Realizable T J
Material Law . . el dasie dolas
Linear Elastic
Models ol S|
Linear Elastic . SVl oole g5
. Isotropic
Material NI
Fluid Structure '
Two Way 43,’95& 2JL3.w—o)'L~; J.cl_q_.

Coupling

g ool 00 duglie Liolejl @l b (gjloand @l V Jgaz 5o
G axg Lol ool awb soue Jo mls sl as s
o3l ;0 gous @ Wilg o Iy b (S0 (59, o s 10%
0,0 S5 o3l cpl yo dae ,a gl 4 .asl [1.035,1.265]
[-3.00,- o5l ;o s0e S oo Uas a0y ey 3,10 099 Uas
FoS a4 igae > 0 0l blie s (AalS 090 0o b >
S 50 a8 el o Giolejl & s S0 oy o
Iy ans bl slos VY S 50 05 g0 od0live o2 (55lua s
Silded 9 (225 S o Lb Sl 4 o o T o

Ll 00 dwslao (go0e

SulojT gl b g lio g goue (g3lwamd gl VY Jgu

%Error Numerical | Experimental )b
[3.00,20.63] 1.004 [1.035,1.265] Cp
0.6 212 2.14 &
b
D
6.82 0.55 0.59 TZ

I\Yd

D_z/b

D_z/b
w

0E+0 5E+4 1E+5 2E+5 2E+5 3E+5 3E+5 4E+5 A4E+5
Total Meshes

Alizo (L gaudSud (0 Al Sgh vy (9 GOg0s laal NP ISh
1.15 T
CD

11+

1.05 +

D|
O 14

0.95 T

0.9 t t t t t
0.E+0 5.E+4 1E+5 2E+5 2E+5 3.E+5
Total Meshes

3.E+5 4.E+5 4E+5

lizko (U GAIASI 1O Ak S0 po VY IS

lojbu Julow (gl aded 480l Ve USCO Ly asols asis Jolio glos 1 JSCi

9 OXed i ol dul> oole ¢ oo gollas .l oo ploel
Sy s olrals 4 argr bcwl ool (5,5 as SVl
Jis 5 o3l Jalss wb ool 59, )T azg5 B 13l g ans
odalive & Joazx jo K> Gladais 00,5 Clssl ad )b g5 45 5l

D9 (5


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

Ol loslws JSi it g allyy oo (252 05> tipn
AW 05..\:>u ‘539.1 )I LS“'\?U 9 L:ao); L 4."5).' ‘_g‘o)L..u J...L’}u 4...4‘.)
(5‘-\-*-"')? )l oola_u cLQO).; CESWR - )o ‘;..L.?Lu 05.?'3 L' u_..u‘
4@ QI,S‘SA ebgm Ol ez 5l s o a8l Lo
@i sz Ol do oz (ol b 0,5 o)Ll shaie 55 slaa
szl 5l sl oo lai g2 4l lojls 5 (oSo s3I L Woyy
9 ooy ad jo 05 b e ool ul o (02) 25 Lz
szl olal coul feS Cale s aS oy Soi Su05 puizxod
30 6lwan i (glojlw (gunaS i aslllas (gl wloals 53,
95 Pk psliiS (sl o b gl b gla g >
)opljt\lo}u)bpzjwoij&'a&aés)m?b
I BV S jlogad jo aSds asllacs guls ojls 1,3 J1)5 4
Gy 0ol ool aaie YA S jo el oas ools Las YV

w‘ AW 00‘& ULA.A.A-’ PZ 9 Pl Ll u.._lﬁj.a 9 LS‘°)L“‘ J...L‘?u
el @S s )l 140 sgux L3 cdle )0 o logad 3illas
Sbsl ol Al Glgie a4 g cwl oud s 4l olal

o 00ls iules aily gy AUl 0955 YA IS [0 45 09l o

043 1
KT
042 1+
041 +
|_
X
04 ¢
039 T+
0.38 t t t |
0E+0 1E+5 2E+5 3E+5 4E+5
Number of Elements
£32 1 01ani w1 ol yi g g Y S
115 1
10KQ
11+
(o4
X
o
—
1l05“ /,__‘/‘
1 + + + |
0E+00 1E+05 2E+05 3E+05 4E+05

Number of Elements

s3] Slasi o 1 yglilF gy VA JSb

4

o3 giluand S Sl
S 422 b g Lo 9 Syt 31 oy add (il (gl YY) Y

doris ;8 Sy ojlail g HLid a5e5 eUlS VY S VY S
0,95 » b e gl Billas aims o lis 1y Jo asels o)l
d.a_._; A.A-uu-i RO PR )LMAB W‘P‘ﬂJL“"‘” u.c)....: u.....bls —> g0
j“-‘-‘-‘ MQGAH ‘) Q]J—i—“jm}; .))‘3 5).“ LJ] d_\sA_l...a
UT)mdblsaby)wolfd&QMmJyJS_a

el 03,5 1S |, 4l

-22.730 -15.698 -8.6665 -1.6345 53975 12430
Pressure (Pa)

O aziuo 5o jLLS & 595 Hols VY JSCh

| R T N |
0.000141 0.0411 0.0821 0.123 0.164 0.205
Velocity (m/s)

Oy axdo j0 Cae pw 0)ludl Hauls VY ST

dilg y glojlw Judos —F
od 8 chr Sl g (S il oai o dsl> ools
ad,b g £ 5l Jbow 5 05les Jolas calis 380 > sl o]
Jadlyp S wlyy Az 4 azg Lo S oo oLl


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

Jsse b >3 50 aily (g5loand an oo Canty ools 9o

SVl Jgo 1 (g1 59 lojlw (ples A Jguar

v E[GPa] s
0.33 0.700 1
0.33 6.80 2
0.33 68.00 3

Sge ;3 3,18 1) SVl Jge o 58 &lyn oJsl Sl o
CohS 4 0B o ol asl slradsr (510.7 GPa I s
Slsi yao o o b ool pla sl 5 0al oS (gonas s
0.7 51 oS Sata¥! (gl Joe b (g3asdnds ploil 25,5 o
Sl 5l ga> b SV g ol 3 Cani (500 GPA
oo olys g ailo |, Sea ¥l Jgso G i pg—
A o iy Glgie 1) S o Sl ol paiiel]
s aslsl jo ol go Culyd o SVl Jooe Jobas a5 28 )8
a5 30,5 0 SOA Joux slosl slacdls jo aily  (s5lwans
ol (Sealinsg aep (233h gbidS g Sl o o el
dslie (gl g oadd aunlio Clo wlgy L aly s 205L 5 ol
o cdl a4 cos byl Ol s ooy s o 0 X
A slgzds il s ao s a il gl 05 so Al

1398 o0 ooliial pj alal) 5l o Sl 4 s

(A Elastic — ARigid)

% Change(A) = N x 100 *)
Rigid
25
I E=0.7GPa , v=0.33
- KT  (Rigid)
2 10KQ (Rigid)
o ho  (Rigid)
15 | B 10KQ (E=0.7GPa, v=033)
g ¢ KT (E=0.7GPa,v=0.33)
- hO  (E=0.7GPa,v=0.33)
S
05
0

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 18
J

(E=0.7GPa,v = 0.33) ) cdl> g ulo 4ilg 5 5,5k :¥'e JSCi

OA

0.610 T
hO
0.608 +
0.606 +
o
<
0.604 +
0.602 +
0.600 + ! ! |
0E+0 1E+5 2E+5 3E+5 4E+5
Number of Elements
syl olowd cams p (Solodgyuume 203L V5 o
45 T - -
Tip Displacement
4 +
€ 35T —— ..
£ ——
X 3T
S
8 251 P
5 —8— P2
15 + ! ! |
0.0E+00 1.0E+05 2.0E+05 3.0E+05 4.0E+05

Number of Elements

;‘R' Q‘MW)JX)SM ‘SLMMB)\}PZ 3P1 @L’?d)l’ Yy J&A:’

&S sl

Jlio sloi jo dilg p o3lw gucusya YA JSCS

0R 59y SR

o 3y Szl Jgoke 510
Jgde a5 5l e Cuolm 90 0, Ken S blge


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

25 1

E=68GPa , v=0.33

KT  (Rigid)

2 10KQ (Rigid)
o hO  (Rigid)
<15 B 10KQ (E=6.8GPa, v=0.33)
g e KT (E=6.8GPa,v=0.33)
- hO  (E=0.7GPa, v=0.33
o, ( a,v=0.33)
™
o
—

3/

0 0.2 0.4 0.6 0.8 1 12 14 16 18

(E =68 GPa,v=0.33) ¥ cll> g cbos aily 3 5,Shos FY JS

57 E=6.8GPa, v=0.33
KT  (Rigid)

2 10KQ (Rigid)
o hO  (Rigid)
£ B 10KQ (E=6.8GPa, v=0.33)
15T ¢ KT (E=6.8GPa,v=0.33)
¥ hO  (E=0.7GPa, v=0.33)
211
o <
- \

05 1 o \\

\\:‘I
0 . . . X .

0 0.2 0.4 0.6 0.8 1 12 14 16 18

(E=6.8GPa,v=0.33)Y cdb> g oo ailg 5 3 ,5las :¥) JSCi

E =68 GPa,v=0.33 E=6.8GPa,v=0.33 E=0.7GPa,v=0.33
%C (ho) | NC(Kq) | %C(Kr) | %C (ho) | %C(Kq) | %C(Kr) | %C (ho) | NC(Kq) | %C(Kr) | J
- -3.9 -4.2 - -1.9 2.5 12.3 2.7 0.00
-0.2 23 25 2.0 -1.4 -3.4 -8.3 12.7 3.4 0.20
0.7 -1.3 -2.0 -2.0 0.1 2.1 6.9 13.1 5.3 0.40
-0.7 -0.9 -15 -16 05 11 6.6 113 4.0 0.60
-0.6 0.7 -1.3 0.9 0.7 03 -4.2 10.2 5.6 0.80
-0.5 06 11 0.4 0.7 0.3 -1.9 7.9 5.8 1.00
-0.4 05 -0.9 0.4 0.6 0.9 0.4 4.1 45 1.20
0.3 0.1 -0.4 1.3 0.5 1.8 -3.2 -6.2 92 | 140
0.6 0.7 1.3 49 -0.6 43 ) - - 1.60

Sl o b OlpedS o )3 b oo i 9 rte
S5y o S 5 35 (5 S 2lS s o 4y e
WS o0 et o dy Sl 5 g s Ol peits dle 150.8 (0
Fo Sl o b i o) (S ey e RIBI L
Py
i 3 el py SV Jgke il b eansl 5 g > aslitn
oo Gl LE = 6.8 GPa ;o 05 oo o5 jobiiS ol s
(siie )laiie S Sl HglisS oy Sl 90 )0 1B U (69
&y cede 55 0.4 <] <0.6 05 0 5 0ol oo il
e oz gl o 914 < J <16 o3L yo ams o
g 0 oddline ghie 4 Cwdle

0.7 SVl Jgaw b il ol 205L s 0
23k Olpess oo E = 6.8 GPa ;o .ol oglae GPa
00l £, (e slade Sy 5l HolisS g Sl 5l b lise 5
Sl ay S (235l Dl ki w05 (958w pe GRIFIL
12061 03l po ooty e So 50 5 99500 yben oo
03b b oo dalol LU B caoli8l Wig ) g Sgud so Cuie o] Cuadle
G So e e Mo s 125 < 14
G 0.4% 51 (255l w3l ol ) 31 6t Cooal (2331
Ll i cdo a4 s 1.3%

S ey s 9 ¥ U85 o el ol ol
Wad o7, 12 S S 14 oailyy an oo pojb sl a
ul.?b..:‘ o)L: w‘ 69)_.,..“..: u)‘)._..a )l é) )0 d).il.o.c 6‘).» 4)‘5))
Sgaz 233l lade 1.2 Lo g9,y ol S 0 0 b o
ol s o e il il s clo 4 Cos 0.4%
Sorba cupd Sl L 09d oo odalin (235l AalS (5958
2l gy alS 205l oy G JSb o Al
@3k 658z o rday w0 0.7 GPA Sl Jooe
b (S p el )3 izmes B3 e &) A
E=0.7 GPa cl> ;0 aily o ,Slee s0game by taib o

b oo oS
e Jol o gl LY S 5o pgo el gl anlie ;|
Az 2 0dgaze (pl o il o el Cl sl e


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

abais 5l ales ad o &8y Py dhis glal> ol ol o
ol @bl Sl ol pa @o)ls 18 8 ad 0 a Py
ablio das aygly oss g0 ablie s > caims L is bl
2 g abioe (RalS slralr oy a4 ad Soop b el
ooy lrale HgulS YO S ol jio Loy 95 5 4
5o e e lai 1,J=1.2 5 0.7 GPa Syl Jgae b alg yy
oolitl 3 LS5 5l o olrasle 2 iles sl oS ol

! 00

4
x YZ v "5‘ >
o P K ~
|

0.00000 075029  1.5006 2.2509 3.0012 37515
Displacement[i] (mm)

v =0.33 4E=0.7 GPa J=1.2 )5 X gl>als ,els ¥ JSi

Ogwlg) S putd 31 -5
S Jgde 2 ogdle Slasls Sl [0 a5 (6,50 Conl>
S 398 0 o0latnl oz LYl g 0, SKlucor 00le G (sl
Oalgy G e LB oo asliin (it ol o el gl
Wl Jglate (yawlsy o polae Lagd a5 alisee cl> aw o
@5_».:‘9) S » du‘y‘_gao.: “5|a> MY‘ odle a5 oﬁ.mcso
AVY] 5,5 518 5505k 50 wb o] gmlsy o 9wl azils

—1<v< % V)
“'\"9_“"&54 oolei ! rw.\d.erc Lng)).:)lS )é as 69.».5} Q‘}A
ol VY] o 6 polis

0<v<s: )
30 il 00l Sole ) Cadgazme ol ¢ ygmmwlyy Cad Ol o
S il addllae yo 00l oolaiwl glojlow plg= Vo Joux
el 00 )50 Uﬁ*‘"&’

Ogwley S BT oy 30 Slojlw (pled Ve Joua

v E[GPa] >
0.17 0.70 1
0.33 0.70 2
0.49 0.70 3

O gl g oo plail S8 25w 10 pgo > g5l wa b

9o (_g)l.m‘\.u.w C.:Lu dalol g o Sg>g0 1 Jj..\? 9 ' Ji.i})d

e §le I il g CenlF nyS et ds )3 (pgd >
03l 9 5 Mbso (il (g iy S GRIBIL g 203 L
3l om s 99se Jo3 5120 0.4 5 0.2 s 65,2 o
o3l ;0 @33l ki o )0 Cdle 3yl (sogr o P o5k
9 el 55,1 L g e o Sl 4 s oasb il 15
ol piels g aojbcdlarasry LD 5l s cal, 5 0

o dufo o 235 Oal58l i @35k 4 Ces

oy IS¢ lalr -1 -0

Lod o e gloadlsy (Sealisgjone )L, woles o
L Loxiy] o el 0 (6l IS yoads oglite (glojlus oo
4295 b Sgdso oy (P2 g Py (gm) 0 5l alail 5o plral>
oy ) wlal niin ey Se 0 bE Gl (18518«
2 bl ol el slslosas VE S5 5 VY S5 il
i Sl Jgde du 53 (S8 oy o

14 -

P1

12 ¢
—— E=00.7 Gpa - nu=0.33

—— E=06.8 Gpa - nu=0.33
E=68.0 Gpa - nu=0.33

10 1

Delta x [mm]

Sy oo g yp y0 Pp abd plrals VY S

P1

~—&— E=00.7 Gpa - nu=0.33
—#— E=06.8 Gpa - nu=0.33
E=68.0 Gpa - nu=0.33

Delta x [mm]

B9y o puo 30 30 Py abl gloawl> :VE S


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

2'5; v=0.49 , E=0.7GPa
KT  (Rigid)
2 | 10KQ (Rigid)

hO  (Rigid)

o) ®  10KQ (E=0.7GPa, v=0.49)
45 e KT (E=0.7GPa,v=0.49)
g hO  (E=0.7GPa, v=0.49)
o
21
o
—
05

0 0.2 04 06 0.8 1 1.2 14 16 18

J

(E=0.7 GPa,v =0.49) ¥ cl> g o aily 3 5,5hos ¥V IS

).s‘ ) <bl_m.A s@l...s 4:»‘)| ..\35) QO;GA;Q o..\.vLo.JlJ o

2'51 E=0.7GPa, v=0.17
KT  (Rigid)
2 u 10KQ (Rigid)
ho  (Rigid)

®m  10KQ (E=0.7GPa, v=0.17)
e KT (E=0.7GPa,v=0.17)
hO  (E=0.7GPa, v=0.17)

0 0.2 0.4 0.6 0.8 1 12 14 16 18

5 4

-

/
/

10KQ , KT, hO

(E=0.7GPa,v=0.17)\&53;’«1.44;'!5,;%&1».::1'9“}5.&

E=0.7GPa,v=0.49 E=0.7GPa,v=0.33 E=0.7GPa,v=0.17
%C (hg) | %C(Kq) | %C(Kr) | %C (hg) | %C(Kq) | %C(Kr) | %C (hg) | NC(Kq) | %C(Kr) | J

- 11.3 6.9 12.3 2.7 - 11.8 3.5 0.00
-4.4 10.9 6.0 -8.3 12.7 3.4 -8.7 11.2 15 0.20
-4.8 11.2 5.9 -6.9 13.1 5.3 7.2 12.0 3.9 0.40
-4.3 10.8 6.1 -6.6 11.3 4.0 6.7 10.4 3.0 0.60
-3.1 10.7 7.2 -4.2 10.2 5.6 -4.0 9.5 5.1 0.80
2.1 9.6 7.3 -1.9 7.9 5.8 -1.4 6.8 5.3 1.00
0.1 8.0 8.0 0.4 4.1 45 0.8 2.3 3.1 1.20
-0.5 1.6 1.1 3.2 -6.2 9.2 2.4 -7.6 9.8 1.40

sl s (G piom ol o dad j5 allyyy 205L Ol s vy
Jo5 5] = 125 Olpss ao o 0920 Ly 5 o Lazgi b
abi gl 1.2 <] < 1.4 o5h jo0 el (S o] o

Al Cute jlade b sl

oy Sg plal>-) -F

oalo ULM..; 63).....\_1 w)..a > lise L)5"""‘5" ‘_;LQM 5o

el 00

P1

—— E=0.7 Gpa - nu=0.17
~—#— E=0.7Gpa - nu=0.33
E=0.7Gpa - nu=0.49

Delta x [mm]
[e=]

6 4
4 4
2 1 S
%
0 + + + + + + + + 1
0 0.2 0.4 0.6 0.8 1 12 14 16 18

Oglgy Commd ki 30 (69 iy o 3y 30 P alals gloasler (WA S50

9 ol Ol o0 Sl B o Dyt s )3 Gl sl > o
2 Sorn e Sy b oS S plgs e 2L (ol (55
1 50 g el Cate Gl 5 g o s 00,0 LA B 1.2 650
St g o Sl s Gy g oo i Cdle oS
03k 53 9 0o g9, it (5 ke Sl 1)l o3 e Ly
ol s 0w e Cedle o e 12< ] <14
59LiS g Gl 5 o pd Sl s do 0 ojlail o 4 1.4 g9 ,i00
Sebse b ke

Syl 6020 1w 1.4 < J <16 65L L 203l &l s wojo
@ S (B35l Dlysd 3o)d Gho S0 S5t il 0
Ol sty et Gl L g el 9% S o il
50 Db oa el e T <] < 1.2 65k y0 ol o
4 S allyyy (205l LA UL (g9t a2 5l S
0,bg0 f = 1.2 5l amy pizmen ol oo s cdo Sl>
Sy e Bl ek

oy 1B B 1A o5l 15 55y oy S5 b epgas il 4o
ol s jo ailoads iy (s dilg s s (gliiS g el 5

Ll e ol o Oless do o Glade ol 5l iy (69 00


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

FP-FF) AFF ((FA) YV ol b0 ot 45,85 o 10Lnlon (604 (6 yumiads S dazee

S (6 it Sy o 0)Shae il sl el (tal38)
NTRE-J L S PIPH PRVINE VIR LA IRV PE U S-SV PV H
Sorday o S 5 b oo GRlPB a JSh s (59 i
3 Ogley Samad 28 L g S oo LalS L (o>
E 5V 5l asllle mls gl ool o Lialidl la S5 i
ol oo aily a4 G (Sealindgjane ol o Ol s cdle
3o Ol Jlade 6l (Dl s Cdle pogdle ol —ols
by Sl Jgoe Gal38l L s 2l ols (55501 5 ol
lpd Dleass g bl alS 0y Gl S s (gmley S
el a5 By LB oS 09h o0 05 Sl o 2l 4 s
sl 65 yamliy S by S ¥l Jpoe a5 lacdls o
Sgd oo 0b cul o Ol s
Sesladgydes (233 wslojlo ols 5is b bl a5
V=0335E = 6.8GP a5 > o ool azily ialS aily
Q23 o0 7y 25k Aiion A (69 den ul o Sl slosl o el
wl—o y 2ol (e ol jo o ssalin a3l il
Sl ogriagll 5 oo il 0 Ces 1251 235550 (g5 ey
J=1.4 ;5 +0.4% J=1.2 5 o3l Ll Jlade .ol ouds
<l +1.3%

b Gl oS Gamlsy slocu—s § Sl sla Jgas )
gy o 8dee Lyl 5 as o S8 s J1 o (aosk S
Sl &ly o ls S ally y amais Yool o slojle olss
Sgzg iyl aS o jle o iy 203l ol )l s eal
LT el el loslos plym et b (gm03l Gal38l iy
b el pins ol il ol s b 3,18 Coregas ams oyl
5 Bl csloslos (olss ysd b ol a3l (e (o 2
31add ol i Sleallie (nl )0 083 (0 E) o Lt
45l b plaw . cwlond (o) p (Sealusgyus Jlaie
155 el allie ) ggga 5l 315 AT 3l gy anlllas
g oo Al 4 ean] sl e,

OB xewn g oS )l —A
3 pIAS )2 g a5 00l plouil cdiin g 90 o Lol iegh (ol
Lol Qo y0 B0 (ipghy

Lodls a gw yiwd aily -1

Sygeo 50 oL, Kimgh bl co @lodb e ;S35 solal
LB ain g asbll) 3,k 5l asly oo s ledbl o LS
AS aslSe Ly

Y

P2

——— E=0.7 Gpa - nu=0.17
—#— E=0.7Gpa - nu=0.33

12 1 E=0.7Gpa - nu=0.49

Delta x [mm]

'
N O N M O ©

0.2 0.4 0.6 0.8 1 12 14 16 18
J

O5lgy S gt 53 (69 iy g 0 y2 50 P abalis gloal ¥4 USS

o3 gy YA S 5 YA S 0 bl glrale slologas
@lralr orin cu o GRIBIL w2 50 5 )l
514 b AL ot cu e o B U g e o LS
S5 O—lg S b ly 59—y w02 2,0 16
Slde cnl 5l 5555 ety ol rd o Llols 68 plral>
@3, i lraly G5 Hewln Sad b dilyp (el
Hgd oo eI 1loged cond cggmlyy S GRIEIL GKs ole
)55y alals o o Loy caliBes g—lgy Cond b b logas

IR

G5 Al 9 Ges -V
sl JE (Ao gloarir ) adyy (Seelingjone o Sloe
3, as b sl &S ol jlos 5 SGogls jlas (pais 5 el
s.,u)_.a cAJ‘B)J “;Qé)l.a 3o ] ‘Sﬁo)la 505_wGA oola_wl 4.1‘9).1
Soy et (b3 9 Shgs slace w 0ilo 59) 69—ty
lr 5 0590 ysliiS il g Wlyp bawg 0ot ag Sl

S Jge ol 3l Sy
©ode gilwa s bl oaS «lg 203l slojl (plg> 3
a8 3,8 aslllas 5,50 VP1304 ol Ly 3950 allyy S (59,
Sl g oads plil alizee (glojls slacdl> jo (gjluwdns .ol
>l (oled ol (o0 D plgm o JEl 130 5 sl
Sl 00 lul:)u‘ )‘P‘f)" U"‘ ) La:u—l Ja}f 9 03l u‘.\.uo Jdzs
N9y 9 koS gy (b sl sla K> 280 (i jLiel g0 b

A O3 bl (og e 5 el Sy altee J>
Caws il andllas cois g3lwas E = 0.7.6.8 468 GPa
Ao aily ol sl IS s ol plil 0.17.0.33 §0.49
s S o Jl T 0 jShas y adlyy (Seoliyogyine slog


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

structure interaction, Journal of Ocean Engineering
and Science, vol. 7, no. 3, pp. 280-291.
https://doi.org/10.1016/j.joes.2021.08.010

11- L. Feng , G. Ding, Y. Hu, W. Song and Z. Lei,
(2025), Identification of distributed loads on
propellers based on strain modal, Applied Ocean
Research, vol. 162, no. 104712.
https://doi.org/10.2139/ssrn.5229549

12- E. Yari, M. H. Karimi and S. Kamin, (2025),
Fluid-Structure Interaction Investigation and Skew
Angle Effect on Stress - In Persian, Journal of Marine
Engineering, vol. 21, no. 47, pp. 14-24.
http://marine-eng.ir/article-1-1144-fa.html

13- S. Kim and S. Shin, (2025), Improved unsteady
fluid—structure interaction analysis using the dynamic
mode decomposition on a composite marine propeller,
Ocean Engineering, vol. 319, p. 120255.
https://doi.org/10.1016/j.0ceaneng.2024.120255

14- A. M. Nebiewa, A. M. Abdelsalam, I. M. Sakr, W.
A. El-Askary, H. A. Abdalla and K. A. lbrahim,
(2026), Static load and structural analysis of a small
horizontal axis wind turbine blade: Experimental and
theoretical studies using the fluid-structure interaction
method, Renewable Energy, vol. 256, no. 124385.
https://doi.org/10.2139/ssrn.5204925

15- A. Hajivand and S. Mousavizadegan, (2015),
Virtual maneuvering test in CFD media in presence of
free surface, International Journal of Naval
Architecture and Ocean Engineering, vol. 7, no. 3, pp.
540-558.

https://doi.org/10.1515/ijnaoe-2015-0039

16- H. Rusche, (2003), Computational fluid dynamics
of dispersed two-phase flows at high phase fractions,
Phd thesis in Imperial College London (University of
London).
https://doi.org/10.1007/978-3-642-01273-0_1

17- T.-L. Liu and Z.-M. Guo b, (2013), Analysis of
wave spectrum for submerged bodies moving near the
free Surface, Ocean Engineering, vol. 58, no. 15, pp.
239-251.
https://doi.org/10.1016/j.0ceaneng.2012.10.003

18- J. H. Ferziger and P. Milovan, (2002),
Computational methods for fluid dynamics, New
York: Springer.

https://doi.org/10.5772/7110

19- M. Saniee Nejad, (2019), Fundamentals of
turbulent flows and turbulence modeling- In Persian,
Trhran: Danesh Negaar.
https://doi.org/10.1007/978-3-031-94016-3_3

20- Star CCM+ Software, (2018), Simcenter STAR-
CCM+ Documentation Version 13.04, New York:
Siemens.

https://doi.org/10.2514/6.2020-2736

21- M. H. Saad, (2009), Elasticity: theory,
applications, and numerics, Massachusetts, Academic
Press.

ol aily Y.
a lee da 25 pl o sa 3l Oledbl 5 olfuss 4isS e
S a3 eSate Ty 36 sloolSays Logyl 5 ol (E iy

&l -\
1- P. J. Maljaar and M. L. Kaminski, (2015), Hydro-
elastic Analysis of Flexible Propellers: an overview,
Maritime Technology and Engineering, vol. 2, no. 11,
pp. 15-17.
https://doi.org/10.1201/b17494-76

2- T. Sentvedt, (1974), Propeller blade stresses,
application of finite element methods, Computers &
Structures, vol. 4, no. 1, pp. 193-204.
https://doi.org/10.1016/0045-7949(74)90082-0

3- S. Zhigiang and G. Rixiu, (1996), Hydroelasticity
of rotating bodies—theory and application, Marine
structures, vol. 9, no. 6, pp. 631-646.
https://doi.org/10.1016/0951-8339(95)00010-0

4- H.-J. Lin and J. Jyi Lin, (1996), Nonlinear
hydroelastic behavior of propellers using a finite-
element method and lifting surface theory, Journal of
Marine Science and Technology, vol. 1, no. 2, pp.
114-124.

https://doi.org/10.1007/bf02391167

5- H. Ghassemi, G. Ghassabzadeh and M. G. Saryazdi,
(2013), Effect of material on hydro-elastic behaviour
of marine propeller by using BEM-FEM hybrid
softwaren, Polish Maritime Research , vol. 20, no. 4,
pp. 62-70.

https://doi.org/10.2478/pomr-2013-0042

6- Y. Ashkenazi, I. Gol’fman, L. Rezhkov and N.
Sido, (1974), Glass-Fiber-Reinforced Plastic Parts in
Ship Machinery, Sudostroyeniye Publishing House,
pp. 138-152.

https://doi.org/10.4271/550155

7- A. P. Mouritz, E. Gellert, P. Burchill and K. Challis,
(2001), Review of advanced composite structures for
naval ships and submarines, Composite structures,
vol. 53, no. 1, pp. 121-142.
https://doi.org/10.1016/s0263-8223(00)00175-6

8- H. Lee, M. C. Song, S. Han, B. J. Chang and J. C.
Suh, (2017), Hydro-elastic aspects of a composite
marine propeller in accordance with ply lamination
methods, Journal of Marine Science and Technology,
vol. 22, no. 1, pp. 479-493.
https://doi.org/10.1007/s00773-016-0428-4

9- W. Zhang, F. Li, J. Ma, X. Ning, S. Sunand Y. Hu,
(2022), Fluid-structure interaction analysis of the
rudder vibrations in propeller wake, Ocean
Engineering, vol. 265, no. 112673.
https://doi.org/10.1016/j.0ceaneng.2022.112673

10- V. R. Krishnaa, S. P. Sanaka, N. Pardhasaradhi
and B. R. Rao, (2024), Hydro-elastic computational
analysis of a marine propeller using two-way fluid


https://marine-eng.ir/article-1-1214-en.html

[ Downloaded from marine-eng.ir on 2026-02-08 ]

(FF-FF) FF L(FA) TV a3 s 0,85 [z (54 (6 princds Spmas Sams

4

https://doi.org/10.1007/978-3-0348-8370-2_8

22- O. Bordbar and M. Rostami V., (2020), Numerical
Simulation of Hydrodynamic Performance of the
Submerged Propeller with Lifting Line and Finite
Volume Methods - In Persian, Iranian Journal of
Marine technology (Daryafonoon), vol. 15, pp. 50-59.
https://doi.org/10.23967/marine.2023.120

23- U. Barkmann, (2011), Potsdam Propeller Test
Case (PPTC)-Open Water Tests with the Model
Propeller VP1304, Potsdam, Germany.
https://doi.org/10.7546/engsci.lxi.24.01.02

24- U. Barkmann, H. J. Heinke and L. Llbke, (2011),
Potsdam Propeller Test Case (PPTC), The Second
International Symposium on Marine Propulsors-smp
11, vol. 11, pp. 36-38.
https://doi.org/10.1007/s11804-018-0008-6

25- M. Sanieinejad, (2009), Fundamentals of turbulent
flows and turbulence modeling - In Persian, Tehran:
Daneshgar.
https://doi.org/10.1007/978-3-031-94016-3 3

26- M. Luhar and H. M. Nepf, (2011), Flow-induced
reconfiguration of buoyant and flexible aquatic
vegetation, Limnology and Oceanography, vol. 56,
pp. 2003-20017.
https://doi.org/10.4319/10.2011.56.6.2003

27- F. B. Tian, H. Dai, H. Luo, J. F. Doyle and B. Ro,
(2014), Fluid-structure interaction involving large
deformations: 3D simulations and applications to
biological systems, Journal of computational physics,
vol. 258, pp. 451-469.
https://doi.org/10.1016/j.jcp.2013.10.047


https://marine-eng.ir/article-1-1214-en.html
http://www.tcpdf.org

