75 ool SlSo (owigee g pui

FA5 15 SAY loxio MYV Jlo oF o)l D+ 095 €38 prol CSilSin i 4yt
DOI: 10.22060/mej.2016.721

PSS S doiio JUB) (o) S P A4S — (e g1 St 59dbog 50 oS 431
Jw Ol Sl cod gargd

SRS pidozme 65 Gpume d Bl 59 0

Ol 298 09,05 nto olSisly (Sl (usigee 0355

18591 dx ;U

AARN SRR P TP
VRO (359,8 VY ics i3k
WY LTV 50
AYA0 bT VA 2o T )

1S Clols

P95 Cnl 3 sl o dlgiy b 4 — e jilgy 4 —ygdloge e (Samgd g (S gy ST adlllan cpl ) 0SS
i gy 3l g b aials S plyiedr sl periz 9508 Jlos! winygSl ogMedy (ol 4 SVoles 5l (S
@y ASS (hg) b e JSD st Jelod (gl sl odoslial dale g Jlo (235,80 (59565 dpmloe (sl y9abogs
JS ) plaie o yguods dS D9 0 (B,8 (Jad (gla b il glasgemme Cygo A del s (Jlo (pl ) .l sndaid 518
M 5 5 slatgy Sloj IS g 4Sed ol QB! )3 5290 (saudgiie 9 ais bl (Al cue S o0 )8 o2
b —y9abol e gy 2 Galate y8 ASd (eud whayoSl Gk gl sl adllas (pl )3 38 aSud — el oS
Orred 9 o e (59 5l ogs Oy Silednd by 4 el 5 Sl sla)S e calegyd canl oad ]yl e,

294055 50 SVl (agd domiio Sy s g oo (rwCome (ahied g (Sppx0 (6L Cot 3,8y K 5 JSi pus
ede ad aslaml b o ool dawgs A )3 (g3de gl g o (Silwdnd Jluw Gl jeds )3 saicul 395 Sl Chowd > &S
A odl i ek es 3o (LS ) (S gy ol €83 &S 39 00 duglie jidu (lireb] C i JgeolS l58le s 5l
hdSS axho Jp by LU Lulyd £9pd (L8] 82985 4 psb e § 553 cupd (oS el domio Coo JialS oS 258
S s, Py axbe
Ol SYoles 1) (QLd) (295 5 &5 33,5 (Byme 30 3 (Bebate e doido -

]S L)l el Sye 595 21y 53 s (550 by b S oo A3LS]
3 Logasn 8.8 455 sorzm gy )5 455 bas) Lo o
92 2949 S0 B9y 3 (IS sl Amd ooy ) odomy (Sladsin
IS5k 9abg e o9y )15 3929 (S530 ($958 p 5 Shmlre sl o,
3L y9abgé Sre B9y i S9y8 Jlosl b jgabogé 5p0 (B9 9
B9y > dedsn dple (ISl Olles S ) (5ipe 98 (Y o Y]
Jodlatul b g maiite yobodr (530 S98 [0-V] it (5955 Jlo]
Yol b ® uS gl pgp dlolre Jolis a5 395 o duwle )b y> &¥slao
boly sl s sioils B pgabogi 50 sy sl sy oS
U i o)l5 5 josid €95 93 4 Mlgi e bawly Lot yeSUl cul
ol dre 3 Sl S988 45 258 LB Gguind basly 0206501 )5 [A]
059000 &SI y3 WS (oo )8 ela e Spe g9y 2 29 o0 Al
s by alold oS oS s Jlow a1 (bl 298 b «p)ls
[N o 5 el s [V ] ySan 5 cpitls [A] 15, dals ouss
95)) 0305 asgi ST zebly 93 iy b1y (2SSl ysabost S g
gy i dga5xe WS (g, L Lasye yiall 93l o (sjlore 5y
b (B [W] gy d>90 bawgs 5l (gl (6l udins (905 Jloe!

5 Navier-Stokes

Y

2 Slawslee d iulal oo 4 o)lgen (Slusloee &Y law Seolod
o)l 009 S yxie (gl po 393 9L e g 0z (sladwiin Sl
5B e cdb & (ple 56) 1 O cdls i bl o b oS col Jbs o
o 405 S et oS5 ooy St 5l (sl 5 e )
dngi 05> )3 gy (siald (> ()b 5l g )l9dd sl ()8 Aal>
oy il sla o 5 o3b; oliiee ol AoBMe s (ol
e ol ez g Jlow (S,1 Jlod Caa 1) (S9BeS (S 5 odae
i 1) V] ghlSen 5 oSt (Jle sl Slosly @l il JSs
a4 3)S (lodnsd |y Jlow g5l SVl SIU dngy S (Slog)
i sl Ty A 5 el S gy S 3l gl paie
[V] ohBen 5 e Ko 538" o3listal SVl dtogy 5 ol ol
S5 505 B0, S5 ey 4l bgy b 1y Tagamme (slipl b,
A g Gy ol 2 o8 S ]slS (oS
Slolre &3 b B9y Ko plsisa Wlgiee gl e i)

Lattice Boltzmann Method (LBM)
Lattice Spring Model (LSM)
Finite Element Method (FEM)
Immersed boundary method (IBM)
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Fig. 1. Schematic of computational domain in vicinity of boundary in IBM
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Fig. 2. Investigation of a single four-sided lattice spring. Nodes 1-4
show neighbor of type 1 and nodes 5-6 show neighbor of type 2
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Fig. 3. Schematic of computational domain of flow which pass over a two-dimensional thin plate
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Fig. 5. Schematic of cantilever beam under effect of (a) axial force and
(b) bending force
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Table 1. Poisson’s ratio of cantilever beam under the axial force
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Table 2. Results of grid study by comparison of drag coefficient of rigid
plate in Reynolds number of 30
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Fig. 6. Comparison of strain length of beam from LSM with theoretical
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Fig. 7. Comparison of non-dimensional bending length from LSM with
theoretical results in the case of presence of bending force
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Fig. 9. Stream line of flow overs a deformable plate in Reynolds num-
ber of 30 and Capillary numbers of (a) 20000 and (b) 10000
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Fig. 8. Strain length of both side of plate as a function of Capillary
number for Reynolds numbers of 10, 20 and 30.
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Table 3. Demonstration of the implicit method accuracy compared to
explicit one in different Courant numbers.
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Table 4. Comparison between results of combined method of IB-LB-LS

with COMSOL results.
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Fig. 10. Stream line of flow overs a rigid plate for Reynolds number of (a) 30 and(b) 35 as well as stream line of flow overs a flexible plate in Capillary
number of 10000 and Reynolds number of (c) 30, (d) 35 and (e) 50.
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