[ Downloaded from mme.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.10275940.1394.15.9.19.1 ]

406-396 o yo 9 o Lo 15 093 1394 HIT ( yw)ydw Swle wliyo dlxo

b33 ol dolinle =

—r-; =

y : = i =

¥y Sl  wiigo = & -
=[I\=

mme.modares.ac.ir el

(g0 ddzxe 518 HAT b bl g dwl g Sl g T o 9 O ST (s

sislopn b
2 salT al (s bl s yule (5 jaun (jlesal

.))5).@(») ‘)){).Q(\:) Om].} cggzj&a w.\;.é‘a ‘Jw))‘ LS'M,L.H'))K deM. :‘.b _1
3)5)% ﬁJ;M DKMA.;‘.) 5&&9 L;w.\.:.ero ‘)bbL.wI _2
shateri@eng.sku.ac.ir 115 .y Godio o808 ™

oS> Al wleYb!

ot b oo dsione S 1S o ool Sl JSl ol 5 Sl i 65 93 Sy Sl GBS 55 0 b e imgy oIS ringiy Ll

)5 95y i Loy Ll s ) (e3g0e (slaoyls ol oad p O/T1 Jiilyy sae b lgn 5l dlaioe .cowl o oy (6338 gy 4 255

1394 ,510 il
1394 529 5 pd

o35 olistl (31,8 GBIV = gyhgl o Slons &l Juo 3 Jlow Sy hogi jglate 4 Aied Bile oy 5 (B slaojled 1394 3150 31 il 43 &)
Olejod > jokate &y 5 00l (gl Al dgaee x> (09 Sl 03l b edbgiye (5550 Larlyd olpod dy Jlw (lise day (o Y olee o o5l 4l
LSS ST g vgaome lodl gyl eslaiwl b oj6 ey S a0 OVl Ll 00 )F odlaiwl gim sl Gl Yl 135 ab ool
4 gt e VB oy 3 o el o1 5 Sl gl e 10° 5 10% 6,28 15 LI, s Sl el 033, > gty = oyise 3ol g Jlow 2 S w2
5 o Sl Gl 395 5l o oy (ol dbaise b duslie 5 @l Jil ialS g ialidl oyl 5l 4oy 35 525 sgus s @18 HLTY =kl
Sl & sy loj ko o3 s i 5 ol 1oy 1514 415 L s g 4 U s bawgie ol She s olime cppieS “‘*“"*’?””iﬁ“ﬁ‘“

=l oy

23,5 o A agllae yel ¢ yialidl oyl aS @il il33l awyp 3yg0 Y 3l o5 90 sge 5 LL

Effects of fluid-structure interaction on transient natural convection in a
square enclosure with flexible baffle

Ehsan Heidari, Alireza Shateri Najaf Abadi*

Department of Mechanical Engineering, Shahrekord University, Shahrekord, Iran
*P.0.B. 115, Shahrekord, Iran, shateri@eng.sku.ac.ir

ARTICLE INFORMATION

ABSTRACT

Original Research Paper
Received 01 July 2015

Accepted 20 July 2015

Available Online 22 August 2015

Keywords:

Transient Natural Convection
Fluid-Structure Interaction (FSI)
Arbitrary Lagrangian-Eulerian (ALE)
Elastodynamics Equation

Flexible Baffle

In this study, the numerical investigation of transient natural convection with respect to the
effects of two-way fluid-structure interaction is presented in a square enclosure containing a
flexible baffle. The enclosure is filled with air of Prandtl number 0.71. Temperature is constant in
both hot and cold vertical walls, while baffle and horizontal walls are adiabatic. Arbitrary
Lagrangian-Eulerian (ALE) formulation is used to describe the fluid motion in the given model.
Non-Dimensional equations of the fluid domain with relevant boundary conditions are discretized
by the finite volume method (FVM), and PISO algorithm is used to solve the pressure-velocity
coupling. Non-Dimensional equations of the baffle motion are solved by the finite element method
(FEM) and also the Newton-Raphson iteration technique. Rayleigh number changes over the
range of 103 to 108. Among the assessed situations, 25 percent and 35 percent of them
respectively, indicate increment and reduction in the rate of heat transfer compared with the
enclosure containing a rigid baffle. Maximum and minimum values of Numgs variation are 4.5 and
-15.4 percent, respectively. Compared with the rigid baffle, about 90 percent of the assessed cases
indicate an increase in the time to reach the steady state situations, which is not considered
favorable.
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1- Fluid-Structure Interaction (FSI)

Please cite this article using:

T led aaliiu! Jod &b 5l lie ol @ gl gl y0

E. Heidari, A. Shateri Najaf Abadi, Effects of fluid-structure interaction on transient natural convection in a square enclosure with flexible baffle, Modares Mechanical
Engineering, Vol. 15, No. 9, pp. 396-406, 2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.19.1
https://mme.modares.ac.ir/article-15-2402-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.10275940.1394.15.9.19.1 ]

Ubhled 9 5y plunal

el 0,9 b (0 00 Adizxo JAIS IS Srub (Ll g3 Sola 9 Jlww pay IS @ 39 S (w39

309 @le op 8,5 L o b byl cose ol and sl
sae wisls s bl e S e 10° 5 10° o L, olasl 6
el 3173%10° 4 3172x10° s bl Sl 4 38 el Sy LI,
Slbaizms ;5 (b obul (2EalT )y 4 [12] il Sen 5 5
sladsb Lo 55 ol ilr ol 99 5 o o s, &5 Sy
Syglme 4o g pilel dl> ey Winged cdalive layl 0g a8 5 )18 Dglais
2 oS oo S8 alaime i 5l g Won pj 5l Syl 398 05 0l
Soglxe 40 Loy 3l jee b ole,S b, Woges cdnlive oyl 138 al> o
Ol Jl el S plyl pll g 00,8 8 > Sial @ 05 o)lg0
odgazme 4o a5 Wl lis gyl 0,5 o SO ddadone Sl 4 glaY
@ ooy 0,5 aslol 5,k 5l &l JES! sgupy o yialejl 850 (LI, Slacl
ool b [13] Ll Kad g oDy el oy Kl duoys 171 15 alaions

e iz S 58 b pbnla vy p 4 JounlS 618 05 dis
e S s> omgie Dge 4 )l ke les lagl iagh
oxd slws b ol Jasl # aassl o o, WS oo oy (Sl
Sl Sl S TS o by (1531 & oo (3> gote slos
ol 5o ‘5'{)|):> ot .Ia.wg.».a &L!.w 9 Yu LgLMJ.ob 6‘)‘.’ ‘) CJ)‘)} JLQ...:‘
JES) gy 2 el 5 Sl O G200 S5l Al SS9 Lo
=)l Gang olns g S hgpe b alhie SO 0 el o>
O i Sl ojlps og el ol las bl bl assls
Ol w8l o o] Geizmen iS00 53k @yl JWT S5 50 (oot
olpd L) » (288 5 b pbelr 4 cod gl ol mrm
o)l aliis 190 (655 5 pyiiege Jl sloan ] rizen o ol
G2y (53l drd S @ g Lol 13l e 5l eolixal L [15] jilis
090° b @bl 59, 2 o)l e DA o2 4 sl g Sl G
GJLJ wa L_S'Cl?UJ w‘) Count o)‘%d l.: UL?LJ.M = araso g_ia
s Sl pdy Gllasil o less el )| cobls 5 Ll sae ol las 9
Oyl JESl ot $9) 2 4B )0 9 0)led 98 (e 9 SIS (595 2
Coloa o8l b lawgie cdul sae wo )5 astive opl g ogdle (ks

g Gl e Lagoes S35 5 e e
JUET 0392 )3 dal> g Jlow G iS22 0y D51 (6550 anee;
il sz 4 [18] gz yo o] o 5l &5 488 S50 ol o)l >
Codgdowe S )‘ ).4‘ U"‘ Sde el du»}‘n))-’ u.c.u.’a dbub R odudy Q"‘
o 0 3 3 dale 5 Sl o A Bl ol (s
0305 30 1y Bl Blas 4355l o & aly 5 oz Cule S0 (g5
Slgly DMt izmen Sl ools 1B anze » g pobe slagjle 4t
5 el 5 (el 3l Spr5 Blave €555l (sl 5 (sl Ko 3,90 2
by mlio ;o omay (pl SISl w55 (el g golazdl JYs 4
SlaoS Se g (Sig Sl Dl oS d9ed 0 )L £9850 (nl 4 Ol e
2 S=gS slo wlio ) bgas g aid oYL cile cds gl)ls oyl
Flroel b S8 5oss (0 S oS A 0 dips oy cSle g (b
Oz g YU Lies glalos ;o bpiwew 435 ol o S ald o

397

ol o)l 5 Sl sl e 00,5 o0 0)ls ol o Sl Sk 5l a8
S 0yeis) S slaacz pled Loyl g (S ipole ( pwiige 0 Plawe
5o gt dogglye sladl (355 & olgie alex ol 5l aS o )ls g2y
(desegl Slgp annS Gad (30 51 S bed b g oo
Ll olea B abiwg 4 (93 e dagiS 28 > ol iy Sl
el glaanlp eS) s e Gl Ol Glaam s (b ae
ol S 53 [A-2] 050 05l 00 5 2l mlio da S5 zse Aok
Silwdse Sygo 90 @ walr 5 Jlw m GSeen Pl L5 s
Ol Lgd oo 48T I )3 a8)b S Djge 4 Plaw (ol g5 50 Ngd 0
ol g b G S e @y Plae 4555 (pl jo o5 Ceslins
95 2 I8 et cnl SIS g 00,5 o0 JSB s Jeodie dslx plase
84S w48,k 95 Jluw g3 93 095 ged w85 N 50 Jlw (s
Sl sl SuSe » Glite Sl Jlw 5 sl Gl 99 52 Lol
IS8 s Jooie el plags el g Jlow (e S o0 e 4y 500
o 3 Jlew Glee ) 2 S8 s Gl ST ksl o g 00 5 o
[5] aby oo aslol aigy ol g 08,5 0

e 65 Gloac,e o wi bize S 0 b olbxl
ssbie 4 b obmle 5l Sy xSl g (S S mlis 1095 oo oslinul
355 ot osTUsT lgil o a3, Sy by 5 ek T > Jeaes
@ Ol b @bmlr o)l Sle ple Ol 1T o o
(lats 6551 (usessl doisalS (oo)5ilse psle alox ) plaaises
Oee g b o> sbaojle (e (pwaige 2y JE 5 oo
6] o5 o )lil (55,5185 5 lié mlio sjlus,lo

sl olps @ gle a9l Sl gy p @ [1] GuliSen 5 (8
ol i byl gl sl ) o5 5 0y wole gloolss b (glaliime
i Sl e 4y ol asgio b oligS aile a5 olSim ol i
2,8 80 51 i) sl ol B o5l 4 wile 4S5 slKin Lo g 0iS e
JEl rizmen e SR S 4 Oyl JUin) (abis glis)
5 95 9l plas vg 5l (Suil ol (wle ooy e i b Sl
abiis S 58 9l by Sl 4 IS8 eny () p 4 [8] il Ien
05y Sl OB S5 0y a5 ol lis ol ol ezl SiL oy lyls
93,5 a9 Sl e 4 NS Galy g and yeais | dliims U3 ol >
5O ey o)less b 5l &l JESH S sgr cdlae (ol Slo oyl ol
35 3l aey0 23 1Sl Glie 4 oS iz Gl by n3lel Al e
5205 50 srmb olmlr dlic 4 prizen [I] LT el osls las
Gle oy g oS Gllu, op Sglate Cll> g0 (o alaixe K ooy o)lg0
> 4,138 50 L g ol Hisle a5 o gl byl mbs azsl,
FB ok a4 @le g Lluj 0 5590 95 50 oo 929 5 (AL (29l 0L~
JESl Bl 03 45 sl o 51 S oy gl ol Sglize (glalimdo
Sl o ygon Sl b avolie ,0 00,0 92 U |, abhaxe )b 5l &)l
2on Job Sl emp 4 %8 lallas jo Guizmen [10] Lol a2 o
by olasl o S o aghy cpl oSl abhases Bl b ool
28,5 &y BI63 Ll sae 5 Sglice glaJsb b oy 9 10° 5 10° -y
2 SIRLL Gl 5, 2 o 3l eolil b g 4 [11] Lale 5 o3
lg 5l 0ol o (g po alaione o (49,8 b 2l &)l Jlisl ol >

1- Thermal Regulation

9 o lass 15 093 1394 5T o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.9.19.1
https://mme.modares.ac.ir/article-15-2402-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.10275940.1394.15.9.19.1 ]

Ubhled 9 5y plunal

el 0,09 b (2 00 Abaixo JAIS IS b (Ll g9 Sola 9 Jlww gay S @ 39 ST w3

o OVl -3

2ol 5 Jloms it iS00 Sl 1 oS clsh 31 IS ot a4
Lol 5 Jlw olise S 2t jye K el & 4z b 03,5 oo &)
Byl oads &l Jaw o Jlww <S> hogi jshaie 4 (ploj ;35
Voo [Silo (4-1) Loy, .ol oy oolizasl % g0l 13 5L5Y - (s bl
[16] el oBaus ol 3o 3ol o515 g Jlow p oS>

v-if =0 (1)
3 S sl = pygl Yol
ou’ _ S
hWﬁLpf(gf_gg).vgf:V.5f+fo 2)
&S50 dolso
aT b d
o+ @ —u0) - vr=a/vr (3)

Sl & cd oad i e Gl g deds ez g5, Aol o
sl dlone BB (4) abal 51 5 Sl (255 S5 gl
= = N Se\T
o =—pl+u/ (Vuf + (vu’) ) (4)
o 0oy 0k 0ls ez glag i oy odims lis fi WU L, o
ol 18 5l EY - g bel sBws o I e Slaitre Sy U9 g Jlow
ol (@ —19) ol ol S e aSd S 08 Sile 4 L
ool Sl ]l S e aSl b anglie o Jlaw ped S 0di0
50l g Jlow o S w0 Sl o ol 51 solaiwl ogou g olFuo
ol o..\.o" [16] &
Oldse Sy @S alal) (ot w608 5 L
TL7] ol 5 Seolinsgiwyl dolas & g0 a0 a8l Jaw 10 sl
pSdS=V-55 +fy ()
oyt g el e e Sl oy Siky cus 5 & fy 9 dS alad, ol o
Haul onims lis 0% el QT > axly pooads Jles! T slog
Sl &0 ay ool [, (5,8 L aS cadl vel> lae 2555 i
08,5 0 dualone (6) alal) 510 Siluod § (Ko o o>
_ - (= - > (T
55 = 25(V-d*)T+ e (vd° + (vd®) ) (6)
alaly 51U 5 2% 4y culps el dals e e i oy Sile d°
E9 E

e a2 KT (7

)

- 2(1+9) )

A gl g A Cul o saies Glis ci g 49 o E
bl g0 w005 o Jlosl Ao a5 lae ;o 650 Ll il 0 oogdle

Geb welz g Jlow S i e o jo 1iS JolsS 5 ol 6,5l

el J1,8,2(9) 5 (8) Lats,

@ =09 = d? ®)

ﬁ-gf)i =(M-c%); 9)

gl 2 3gee 4y oy g el g Jlw Stie mha Sl oo 5 4T 51

2 Jbe G534 poe llyd 4 i 4 (9) 5 (8) Laly, s S i

2 STasls ojlil S i mhaw (55, 2 logys Jols 5 walz sk (s,

1- Interface

2- Arbitrary Lagrangian-Eulerian (ALE)
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