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The study of heating a cavity with moving cylinder using hybrid Lattice
Boltzmann - Finite difference — Immersed Boundary method
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ARTICLE INFORMATION ABSTRACT

In this study, the hybrid Lattice Boltzmann - Finite difference - Immersed Boundary method has been
used for investigation of problems with heat transfer. For this purpose, mass and momentum
conservation equations are solved by the Immersed Boundary- Lattice Boltzmann method and finite
difference method has been used for solving energy conservation equation. The effect of Immersed
Boundary has been shown as force and external energy source term in equations and therefore flow and
heat transfer around circular cylinder and also the effect of how to move cylinder in heating of fluid
inside the cavity has been studied. for this purpose four kinds of movements: circular reciprocating,
normal circular, diagonal amplitude and horizontal amplitude have been considered for the cylinder and
in all cases, the changes of force coefficients and Nusselt number have been discussed. It has been
shown that the circular reciprocating movement has more effect on heating of fluid inside the cavity,
which indeed reduces the time of fluid heating about 20 percent in comparison with normal circular and
diagonal amplitude movement and approximately 37 percent in comparison with horizontal amplitude
movement. In all of the studied problems, the efficiency of hybrid method has been proved.

Original Research Paper

Received 10 July 2016

Accepted 31 August 2016
Available Online 02 October 2016

Keywords:

Lattice Boltzmann
Immersed Boundary method
Energy equation

Finite difference method

3 okz @ el lp bt 50 e, b gl i Ngdoe Loy doudo -1

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oy S olpe 4 by cnl Sl oad pilae LB ladz s SLL
Sy 1) a0t odss lp ¥ Gloj g aze & Coz opl 5l s
@ ks o cel il Gy Gl S0k (S el el (Brre i e
Slr Sy o St b sl 4 Slebe e pailas
S ool aSls SOl AT Lz ccd Olis saory Jleen lranais
@ Ol ol grhe glaalls )5 aler 5108 sslinul Bl o

Please cite this article using:

ol 5 b o G235 il luand sl (IBM) sl 50 s,
Slp Hlygmie Syxie AL Sy ksl sleysie sl (SBS
OYolee 5 oolatul b pste g65 90 cpl oyl 13 6513Y slo e
S50y 4 el STps slids @b 5l oo cu,i K Jols a8 ¢ j2aS jul

* Immerse Boundary Method

T Los oaliiw! J23 @ yle 5l Wlio ol @ gla (sl

N. Dehghani Vyncheh, Sh. Talebi, The study of heating a cavity with moving cylinder using hybrid Lattice Boltzmann - Finite difference - Immersed Boundary method,

Modares Mechanical Engineering, Vol. 16, No. 10, pp. 19-30, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

o o8> gy Dyl JUL g 1) b jailes e PR CPROW PR §
0y Sy 30 oS5 Oyl J e [10] ) em 5 ol ileo S
Sty g, o] ilools 1,5 aalllae 50 1, lsn 3l oad » JSE alatiane
553l sy sl 1y CMRT-LBM) wiliir (Sosul loj b o5l
(8550 galolas 3l Lo 35l sy (5l a5 > jo wiles IS 4y ey
55 &bt §l Lol gl Ll ilos S sslizul sgusme LS s, 5|
slacl gly cdul sae g Loper bghs (b,> bshs o 4 |,
OSon 5 S5 e S 3135 aliss (Re) 505, 5 ('RI) 50 lom
@i b o Gladae ) deser yé glagl > gy sk 4 [11]
4 655l Aolae (gile 4tunS) sgume IS = el aSh 5 g
Sl Gy, 93 ool Anlie & 5 43S o (Sg0me BB b,
bsin sgrye 0,i> 55 (b plrals dlis 5, gl slogsjloans
Sreolal algel S Loy Sy o gk plrale 5 JUIS o )3
St g, 5l ooliial a5 Wilodms, s ol & lagyT el o0t plomil )]
9 033k soue L5 5l @i @l 99 by, 4 Cumd Sgame IS = (el
Ao o (bl 0oy B0 sgum o 1) 1zl ley G g ol SYL Cds
Sy SVl elid Sy IS8 s 5 oS [12] ) e 5 oolile
29U 58 ey 9 el 4Gl gy oS Bl eslitul LTy a9 JUI
5 oo 4l g 5l Jbew Oz Olaee Jo sl ailes ST (s leanes
lodgas ooliiwl jid 50 (g, il elas 5 Jlow (235 )8l (giluad ln
4 el &b ol jye by, 5l eolil b [13] o lSen 5 cilas
e g 69y 2 Sl Jbe b Seind e ol silede
RYIVESAY

9 Oy (srpe bz (oo Oyl JUKl g Gl pol gaalllas o
S iboaerd dgaome WS (rojils aSD (oS5 B9y L o5 (A e
Sob Ghe) x5 a4 esileand Gl 5L e Sy ) el ead
J> lp guome DS g, jleslinul 5 0l > Gl J> sln e
S5y 2 S ek &8 o 3l it jre jpa> o gles e
OB eon dyse aaldl po oyhm s Jlew (b (SsSr 5 b
L olyon abiize Liolo,S salle Jo a5 canl S8 4y a3y ool ad F
ol 0ais ploml (go0e O jgo 4 S e (S5 1S pe

Silwdns -2
5 pege sl ez sl sledslas (s)lrl lraly o)l Jlsl

Gb o Glaalslee dao S0 s K0Sy 5l Jaes 551 gl
el 0038,5 Lo (3) b (1) (sloadolas

ou av
4= 1
w0 (1)
6V+U6V+V6V_ VP*+1VZI7
ot T~ ax Ay Re @)
a0 a0 a0 1

+U—+V—=——V2 3
at* Uax ay RePrV 0 ) ®)
ok (6) 5 (5) 5 (4) ladlsbn 3ok a3 slopiie o] o a5

sloads
U= u V= v X = x v = y 4
Uref ’ Uref ‘ Lref ‘ Lref

® Multiple relaxation time Lattice Boltzmann Method
* Richardson
® Reynolds

10 oslesis 16 0,95 1395 (53 (Hurde Suille it

2 b obyz g Sl JEl ey (sl St (le)S
Ol Ol silwand ;o gove slaghs; el o LAl (1> sla o
9 50 Gl slagty, saiws 98 4 Loyl S e plual SLbL sles 4
Griosbe Ll 5re By, Wedtoe (samated ye Bl poe sla s,
ittt sl [1] Sy b )l gl o sl 50 s pae (o,
Olee 1 IS8 Billas o g cnl 5o ol ond sl B )3 9> 0L >
3l slasgeme b jgled 50 5 Skl B 5l slasgarme aliws &2 J>
sy oS el ol ples jre (3gy el osdiee paie IS L
Ol S oo B8, Vb (e b JSS s B e SO plee 4 (S5d
28 gl e e ileans |y o asls 31 s 5ye o)
@ B gy onl s Gelats o2 ey g basil ABM g,
S Oyge @]y lps S99 a5 IS (s 3580 550 SIS 55l ]se
3 esi saloles )0 655l are S g piiege salalee 3 (21 55
[2] 05 e S

IS5 4t 5 (LBM) estlsy aSid g,y wile j3lis jye s,
el 03505 Slol 1) s, 90 () Badl lid ped LS oo eolaal
9 S by b sl gl S ey 5 e A (B9, 99 <SS
0 i ) o5 1) STy o bt sl [8] 5
S -yl Gye by, [B] ullSen 5 Sy s [4] sliSen 5 s
Slosls &l 1, CIB-LBM) e 55,

boolyen puz SLI L2 siloand gl [6] o Sen 5 Sisx
Gilotsd b o] S oy 5 & 1, IB-LBM g, wo)l,> iz
S e slorlo g oy @algial b (onye goyi> So )0 (reb 0L
plnl @i @b 99 Joo Guizmed 5 Sglite (olod Lulpd Cov wydx L
s ol Sl o5t [7] S 5 o) o a8y
losls ploxil (Gl ity aSh by, dAlewy 4 odizmy dwaia b
LIS Ol oles Guy b S8 gl Lol pesn o0 slaglyx
JUl g oud o5 adl> Sy SLSU iz dlewy 4 0ad (A6 (5l
RO ISSVRN I EX NSV Vi ARV ST SN RN R IR o
4 a5 Siles)S solitwl LBM g, 5l Lo g cepr amle sl lagy]
o5 [B] pllSen 5 J wleosas Ty Cews (L5 gl L 5l (2l
08> S ;0 b ks ileand Sy 1) Hsld e mogame o>
b by o kb g Bl Ojgo a a5 Glopls julew SO L o
L 55 [9] ohlSen 5 5L ailosy )15 4 a0 o i i 0ji> (535 5
3 b bl adllas 4 slid e mogaze p g, 5l eslial
CS oy 10 (S05a8 y5b a0 S jailis 90 0] ;0 AT (npe goyh> S
&y o yatlens it (slacmze sl Bl oy - AZS1s 3 cilod S

Lagrangian point | Eulerian point [~
grangian p ‘ p r

TN
{
X

4

Fig. 1 The ways of lattice in Immersed-Boundary method
29U 5 gy 5O (GRS og 1 ISl

! Lattice Boltzmann Method
2 Immersed Boundary- Lattice Boltzmann Method

20


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

D ypdy 0

- _ redr>
.G t+6t) = £,(& t) _M (10)

fu(® + 8,6t t + 6t) = f,, (R, t + 5t) (11)
Glle by> Lol slacesS e @l 0,50 Casd a3l e
du}wu’_o 00)51 Cawdo (12) aloles
Cc

8
p=) fo V=) fiBu P=pct o= (1)

SiPl ol Jo (gl dgamo BMiST yug,y —-2-2
5 sl sladslee o a8 Couload &l &js0 nl 4 (5 5 )
3 oslainl b (6550 salolae Jo g oopoiider aSid g, 5l oolainl b pisege
iz ladas )bl gy cnl 0pS o ©jge Sgume IS g,
[11.6] 2)5 1, g5 &b 99 slo e ) (goue (23leS JSio 5 ate oo
ol s &b e Uhsy A S Sgamme BB By Zuje S o
baye Olwbuw po> oS 4 e by, ol 5l eolaiwl S col
July sae b sleallas o o T (Ul hgy cnl Ko Saje 05d e
Olwe Jo 50 gm0 M 39, 5,55 4 &dly jo .l (Slale) YU
aslayy 1) o S slaws 5 e, sde (59, p Jly sae il 15T e
plsl |y Jo Olgiiee eS 0,5 sl b eaSed (g5luin; @ 5l g 9 ol
s
oslizal (g5, alslan (g3lutnn sy mayo b5, 5 addllas pl o
ol o Sy sie dlex gileand Sk gileanels
&30 (13) dolae o Jgl s po 0is) sl 25000 IS 29, 5l (555
00 9n+1 — "
ot~ 8t
el Sloj paB oo HLiiNtl g N g YL oS

(13)

ol jo GG Flie DMex (gjleanns [ S gileannS
8,5 &9 (15) 5 (14) Ly, Gobo 535 50 99000 S (3, 51«53

G

90 _8(i+1j)—8(i—1,) 14)
X 26X
0 _ 0(i,j+1)=0(i,j—1) 1)
aY 26Y

O 1o 025 Led pgo A o Slitine (65,50 gadlolae jo 4SSl 4 axgi L
0%0 _ 0(i+1,j) +6G —1,)) —26(,))

(16)
X2 5X2
0% 0@, j+1)+6(,j—1)—26(,j) (17)
Yz~ 5Y?2

o Aol gy Cex )l 5o Habd e (g, -3-2
&5 abewy @ Jlw Glyz 5 Hsled jre i SR psled S0 Sg) 50
hos 5 Jb okl BB 4 ez 69, @FISY b 30 550 69
e gldobn 0ed o oy HITY by 4 g bl bla 3l ce
ah gl 4 Joezme () 6oy Jlesl g giloainnS Gl e
T11] ssms o a1 o Pol oyl 4Kl olee o aibin! (payilys

21

o= T—T, = t
Th - Tc ’ tref
f
t = re , P* =
" tret prgfu?ef 5)
U,
Re=—"  pr== (6)
Y a

(dastivwe Qu}tref s@1)5é Cs pw ﬁ‘ﬁ 9 duastive & pw Upef aS

aTh o T, daxin g;&-?pref copls hd Ll g dasine Job Lyper
i SSlas g Plas slales cus 3

Ol Ol Jo 6l (o igr S (g, -1-2
ol Jlow 0l Jelos sl slo)d sl 5l (o el 4Se )
oo S (B esilwand lp e aSe g, Sl esliiul o ol g5
S b e ol 4 gy Ol onl plo el Gl gaS
L3 cpl a5 0ed s Jao gile Dl golaws Glgie 4 Sl g s
Sflinl slaaSiold 5l (So oS &S b e (il (63, 2 Wl o0 Ladd
2 JSs y0 a8 jgbilen (2 JS2) Cund DaQg St sam 93 Slano sl
By bl )l BB slao S b pas Cotin Sl il ga 05 10 09000 03
ot 0% S slp Jliml 9 )8 05 e Gl by S
e slp 005 oo pasnie (0= 01, 8) fo wjs @b b a5 o9 e
4SS plgi e WS (o0 &5 > il S S (65) 2 oS (S Sy
55l 5 (o050e (5l paano 55y Sy ks ol iy il € = Sx/6t 31
P8t =145 55 4255 .l V2C iy (58 sl o 53, 5 C 2
J11] ol a5 sy € 5 2aSs IS o5 8% = 1 ass il
23] )l )13 asilys oSts alslae slie 2 (2, 0l ol

fa (& 1) = fa(%,1)

T

&b fo (2 JS2) oa S (slacgz oaimolis @ gz oS
Ol Ty o I @je5 &b fad ol S o g o Eq w2 &
5 S s @y olel cnl il 0 CusBae Jop X g (Fosul
An] o Cewds (9) 5 (8) sloalolas b gillas Sagul o

fo (X + .6t ,t + 6t) = f, (X, t) +

O]

— =\ 2 —n2
oV 6oV v
fi? = pg [1+3%% +45@%4)—Lﬁky (8)
T =05+3 0 ©)

C25t
el 000l [11] j0 aSis op) 6lp Wg (559 wal o 3 8 slalo p (g0l

Al o 90 o coad ools yLis (7) salal, 10 oS cresdsy aSis dlslae Jo
plxl (1) 5 (10) slodslae Bl oiy @ pad )l> 5 9,95 5

fe f2 f
[
e,
2| e,
6
f3l 4 f
€3
€g
87 34
f7 fa Tg

Fig. 2 View of a two dimensional model
G g0 Jae S ialed 2 S8

! Lattice time
2 Lattice length

10 oslasis 16 0,95 1395 (53 (v Suilke wire


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

5% 05 ol Jlosl 5 (Fo) (sokogl olSiws 1o 5 el sy 1 -3
15 ot ke slaals e ool IS asbee > (18) asles
DpS o0 Oygo JoB iy

5 oolaiwl b o351, 3Y oiws 4 (g bsl oKiws 5l ey Jlazsl -4
hobe

S 8 E95 9 Jol o8 4 S -5

G5 Adlro yo Hobd 50 Sy (g3l o3lyy —4-2
B (26) Wolas &0 4 (2le)F i) g0) o ol (55,1 selalas
el iy ya3
a0 -

E+v-(ve) =aV?0+q (26)

2 stled so3gazme 4 4z b e (it 50 HI) 555l e q oS
s et 2 sl 52 Sl (©) Sl ols3 Dl ond 425 L
5 Jl (P55 53 et Sl coad (p) 2 03505 53 Jlw slod Dl s
by 4 mre ok 4 (26) dolee [14] sgdies s 4 Ll (St
oy el 008 (g3lolaz (17) b (13) S¥oleo bl s ogumme DS
09 ca 03l (27) abasl, JSi a4y 3gae M (65,50 Aolas i

67}t = O + (rhs™ + qf';)6t 27)
u] )») as
non = g 21 =200+ Oy | O — 267, + 67
6X2 8Y?
_ .{L 67i1+1,j - 67L:l—l,j + Vln 9?j+1 - 67i'%j—l) (28)
J 26X J 28Y

e s e Jlasl (27) asles 4 2oy 4 yobis o0 g, b
sl e 3y i tlid slo)l slp (B 65l pe Hlade oy
11] 00,8 oo aloma (29) ol 3ol

ed _ e?oe
g = ot

B1°% 5 Sloj pl5 8L yslid 50 55, 2 a5 )90 sl BT T ;5 a8

SLLI oyhsl b 3 bl b a5 ol 65,5V bl ate g0y sbos
Bl 3979 () (5551 arie e &5 ST &Bly 0 09boe Jolo 09
(30) abl, koo (2,1 (5351 grie 0579 (g Sskgl BB sles il

(29)

1l o s 4
9?}"3 = ij + (rhs™)ét (30)
bls 4 631,3Y bl jl easl censy ol )T ae Jlasl gum o8
ool (31) ey b S @ bt (5
e (%, 1) = Z qs(X(s,t), £)D;( — X(s, £))Ash (31)
J

S92 Lo &g skl bl 59, » 655! @ i el ey b
130 5 oo drloes (32) abal, b @llas (531 aie y9a> 53 blis
G?J@'W = 9?;’8 + geult (32)

...\{Iso Cowd 4 03z leg 50 bed 398 ol ey

&W-3
xw jlsel -1-3

Ologs sl o 03ls JF )y p g > Sype LiSu cnl o &5 latlis
b e 5 allie gawain ol Sl Jlw S s 8l slailgnal

sl bos s slule g5 5l J> sameds slayye 55, Lulys oo
3 S5 ol 13 ilsial o9y o, 5Y akais 150 slass 5 cansl Sl Jlous

10 oslesis 16 0,95 1395 (53 (Hurde Suille it

fa(X + &6t t +6t) = fr(X,t)

@) - £ @)
i
FB oyhsl blE g9, » a5 ool e 5l 36 g9y Sk Fy &5
S35 Gillae Zunlige cslz jpe @ 0l (695 dmlie (sl el il
2,5 Jos 9y L
[11] (19) dobee 51 s 5ksl blis (55, 2 Fy 5555 dmilons -1

8, VX t 8, V(X t .
Fa:wa<3 . Cz( )+ - C4( )éa>'F(x,t) (19)

1
+ (1 —-—)E,6t
( 2Tf) a (18)

50 097y 5l 8L a5 eog iy wxly s 5 F(xE) alaly ol 5o

Sop e (19) alal, jo o Kl g o] Jlade fad asine b a5 cul

dolre Jo b g oas (18) aolas 35lg g5 () s - liso oty Fy
g Sy (21) 5(20) Ly 5l S 5 o oo 055y a5

8
Lol 1,
PV =2 bufut5P) (20)
8 a=0
CZ
P=%) fa (21)
a=0

O )l g 9,95 alge Jlesl b398 slacueS (ud et b
Soy S e S Do Geie &S Jo ol o) 2
LI T oo oy (531 ,5Y blis (55, 2 oad Jloe! (2 )15

v 7d _ pnof(y
By v or) =6 PO VDV 3 g

oo VG359 Ll 55, » ot Jlos! 53,5 Fp (22) ala 5
Col e VPOF 4 WS o Lo ) 1) osid poe by a5 ol e pslas
0975 ) o g &S (Sipe ,0 ey aSh slae Jo a8
e oy (ol axalas 3939 J> olows 50 5 y9led §ye) wdl axslag
[11]

8
S - S c? S
PR+ 007" (R e+ 50) == Gufu(Re+6)  (29)
a=0

oo 5o 55 By 35Y bl 3 S slacansS 45 5 o
aigfe ey (gihigl BlE glaceas” Shole b adl 43S 8 o)Ll
oy &S el ol sl sass solitul pgs 4y bobke 5l dlas cpl o
@ oy Wbl plo osdiee Jlasl gyl Bl (59; 2 ey 4

Sl Jsl 6 bl bl sg, 1, (22) dslas 3l ol caws
@Lu )] solawl b Lg).bjl oKws 4 sfljfy oKws )| 9y J.n.).u -2

[11] s

B0 = ) Fp(R(s,0), )y — X(s,0)Ash 24)
j
GleyS alolb h ye (55, »ooad adS Sl o oLl Jsb As

&b 4 &S D; {(24) ably )5 Guizmed Oed oo Gy (5 bl oKiws

Dj(% —X) =8(x —X)8(y — Y) (25-a)
1 r <

5(r) = E(l + cos?) Irl<2
0 Ir| > 2 (25-h)

Sops oled Cads> o wdal Cawdy (24) dobee 3l &5 g5
s ool L (19) Woles o 45 ol F(x, t)

22


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

()
L
C AN
05 | ‘g Q)
H ~
[ o Ag Experiment [14] | BM
>0l A X=-06 _ -
i \vg O x=0
r ~ o X=06— - -
r g éﬂ fe) X=12 —---
-0.5 - E -
3 Ly
>lku‘1u“§xu‘xu‘xu‘
08  -04 0 04 08 1.2 16
Uy
(b)

Fig. 4 Comparison of velocity components with experimental results
in X = 0 when cylinder moves to the right

@ algiol a5 Sy X =0 0 0,28 @i b Ce u sloadlie anlio 4 S
S o &Sy Canly Caos

LBM
Experiment [14]

o

T T Y T T S IS T TN S Y T SN Y SO N |

04 0.6
t*/KC

Fig. 5 Time dependent changes of force in a period of movement

CS o 0y50 Sy 43 5508 Sloy Dlyis 5 P
pled ol oad a3 8 a0 (aw g <l o lug asls) A= 15
Sygo o oo g lug G 4 Cond brce pu llginl Hlad 4y cod ol

o )3 slawy 4 b Sudly pae cw)yp b conl ailginl mhaw sles
uL‘x...l‘ 241x241 L‘ba)f slaws Al ua‘ 9Oty 2 D)0 J."Lw.a |°L°" L5|)'.‘

23

P oolee 4 (Jo gals S a5 wes e glas | dlos awain
ol 0als 423 3 s o Slae

40 gl b 5 ey el oty il 0.025D oo § cpy Lolsd
3 Re=100 L ,lp s s 1);:.:4:)15-QL<J9:5 g jgu, olacl o)l 1368

KC = UpefTt/D Sygo a0 i 8- 8etS sae as KC=5

0,90 Tt g gl 8D (luog oy Uper o] 40 a5 dgd oo by yas
Y. =0 0 Xc(t*) = —Asin(2mt* /KC) alolee b ailgiasl sl oglis
9% b o dilstal ylugs gasels A= KC/2T o5 5l o j0 lugs 4
A dlginl 350 Slaise Yo g Xo sl s

9 &P ) @Sy Jagh nl 5o end el mls samlis b
IS 0 a5 b ylan el sl Cass 4SS slaloges @y, o el
b Cawd g 4o bt g Cuto glo Y 5IU, loges el oo ooly las 4
- oo lginl ES > e g @ algul mhaw B g sl sas 5T Lho lade
5o wlgiwl a8 coul Jdo el 4 Uy caie ey X e polie 5o 10
SES Sy g 005 ES > xS & 095 Slug (LS (g0,90 o
Jaie gl 9 oYU slay jo Jlw 4 col Couly oz jo oS algal
Gcwl CS 0 0 B e b lisen Jow cpl g cwl onis
S Jl bl s Glizran L5 050 o 50 Jlew ey K05 )l
W sbay cote sl X s algul oS > adlsl s Ll ol suile
IS it cov o Uy Slss )l algal b Cqa o oy
Iy ol Jlw Coly Coos 4y 095 &5 1> 0 ailginl &dly ;o ol algin!
ok @l b o s Wil ity Sl 5 Whe ol 9 Vb
Syl 1,8 algil ey

2y S5 090 o po (Cr) g e Sloy Dl B S
Cowody bl e o lis [15] o), e o zh o i b sk
D10 o0y sloodlo b og3 jlws @illat LBM (g5luas bg, 5l ool

O 5 0olisss )15 4 plsise (Gl A i lisl pslate 4
a5 00905 dmalio 1,50 L1y 095 5 5l Jol> gl Ll .cosls o Ll [16]
Covo ol by wladl cons goue sla g, Ko L LB el o

23] S)90 élbdi»m -2-3
R=15D Re =16 ol jlaie jolgu, sac oad 7 ke Jiluo slos o
sKC=5 Pr=4 Jul, sae el ailginl jlug aiels saias lis aS

Fig. 3 Schematic of g?omay o
o O30 dwain 3 S

* Keulegan-Carpenter Number

10 oslasis 16 0,95 1395 (53 (v Suilke wire


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

gl S5l o g (B sailhe cups alsial olags e
SMe aiiin 4 S e Ceans ay 355 S > ojl 0 Ko (S 5 (i
3l algial oo sl am (oS 9 (Bl adlhe upd e eS e o0
8l adlie oy Joges Gl Sloy B! s el ools &y 35 40
Cely Cros ay allgin] oS o a5 sl ol Judo @y S Soss g 98
s ey jere alginl ol g Cesly Ceo )3 d9zge Jlow 99)0
S50 Jhew copu Ml Do 1y 1 (L3 ol 0,90 0 ailginl 5l oads
sl Dl a8 g i) SO o wlgrnl (35 a4 aseie X,

Olyss g clsinl 35 00 e a4y s b voe Ol 8 S o
A azg bl ool ool plis lo 4 s wlgiul Gl 5 bl sae
G Ay 90 dlgiul S > a0 0 Cdul sae A 0gd e onys S
Ly ol sae (nl o o o0 aireS jlade 4y 4 pe 93 9 Aoyl
WS oo Hlwss dlginl 35 0 &S gl 0,90 cral b plp 2l 0j90 b
2 O (S 5 i Sl allgiul S5k pla NU o i 5 (ol &
haal a4y oy 518 5o g (BBl oo 4y 35 50 Coons ay 093 S > 0l
33 alginl gl Jlhw a0 093 lade anin 4 w3l skl
algial 5l as 1) ol gl o 51 L5 cdl,o 5 ol 4 wlgisl o,
Ol 5555 sled g ool s I el 00,8 @il LE ol 6,90 o
S0 bz il ke S e Sl onl sl el gl a5l 2eS
408 o b ) Sglite glos g0 cahaiio o 5l algral czS g 8,
WS« asein XSG 50 Jlow 10 ool 0939 4 slos S| s 5 oyl
Jods @ Dolas (b S (oo anz s | ol dae 5 Glugt Ol loged G
S5 ot ole prizmen 5 oled Gyl g (S Gole Gl o DS
ool a3l iyl j5ne b 52 5 sl b Jlow sny okes

2 Sk a g CdT 5 28y S 0 |y Gl bshs a8 9 IS
algiwl &S > b aS 058 0 00y 1000 o Hlis lginl Hlug 150 0 S
g YU 50 iy a0 Sielu g o Sielwoly als 3 g0 cewly Caons 4y 35 50 3l
S5 &S soik el 4 algial uew; b S5 Gl
Sy s glyr @l 4l Grimes g badss 0 e plaals S
lgal &8> 4 azxgi b S e Coom 4 SAS5L 50 055 0 SO il
B>y a5 was sald S g0 (LS sl S g0 podle o G @
50y oed Sy &S 08 o0 IS e adgl slaaly 3 cus
ol Jlws it WS gl Jole als 5

3h S e 50 aSl B os,S ad allginl &S, b g 4 bals 50l
ol 3,56l 8y 5 8ok 5 4 b ol s el 5 Wl o a5 50
O 0 Gl el Gedas 4 whaiie o 0 lawls 5 sl Jale 048 o0
Dg g0 bgs e o>l

o dhizo S 0 dilgiw! glo plo &S o -2-2-3

Gl b oSl Jlaw (9,0 ilgial slopls &S o (cuyp & s ol o
olis 10 US55 oy 390 Al swain cunl 5 Kxele ol & 90
OShe Llgo &ygo ay alaame glog e sled ;o (65 dalpd il 0als ooy
Sogo a4 Lals dilgul cdl> ol o cwl oal a8 3 i o Ble o
slhdole L @l algiul 35,0 Slaike S o 25,2 o, Sxeluoly
el (37-D) 4 (37-2)

2
X () =3+ Acos(K—Zt*) (37-a)

10 oslesis 16 0,95 1395 (53 (Hurde Suille it

Lo @8ly bli) 3,5 bl olass b g b rizred ol 002
S bl sl 4 gl Sty pie 4zt o 5 b 69, 2 (st
Cosloads )55 aslal o T s a5 o0y 8 sl 90 551 5Y bl

3 Mgk cnl 5o ead Jol> gl C8s (cwyn Jelse n e
sa il Jl s 55 5 sy el Al Jpo ol ol
o iy 5 (35) 1 (33) csloalolas e a5 aitis s

F,
Cr=r—— (33)
0.5puz, D
o B o
Y 05pul,D
Q
Nu=——— (35)
k(Th - Tc)

sy dliioe S 518 58 dilgiwl (8 Lugi ~1-2-3
adgl slos b oS Lo Jlow (950 ailginl (Bl Glogs (w2 40 Alas cpl o
5,90 Alie (dwsin .ol o axloy upe gabiize S JBI ao
sl plad o g5 Lulpd ol oad ool la3 6 S8 o
Slaite Gl oal aid)F Ll o Ble 5 Sle led Syge 4 alhase
ool (36) salsles b illas ailgal 55 10
X () =3+ Asin(%t*) (36)

2-3 3 5o o8 oS slasl 4 @l (Sdly pas oy n slaie 4
t" =900 0 (0) Lwsio an oo slos e allis ol yo s ¢ has
Wl 485 1E sy 0550

G o Lawsgio dmy 9y gled 45 358 g0 s 1 Jgoz @y axgi b
o3Il S (pad 4y LN sgee Ol pis 241%241 5 300x300
bl ballus sad J> cwiomen 5 Jo gaolol gl 241x241 oS
Lawlodds

5550 Ol 4 e (C) 50 (B8l (5450 oy p Sy T IS5
S lgal 35 0 Slaidie g 950 (Bl adlhe o pd St g ailginl

S50 AT 0gd oo oS S 98 ;o 4y az gy b aslead sols lis ley @

oS Pl g2 1 Jgaar
Table 1 Study of grid independent

o; Slass 6
100x100 0.835
150%150 0.874
241x241 0.943
300x300 0.944
6D
-
XcD
-
S A
3D
B B E— ]
y >
A
x Y

Fig. 6 Schematic of geometry
ey D90 ales dwain 6 S8

24


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

D el 9 dxtiyg iR S uS 53

I )i Ailgianl Joangs Albizxo S yinlo )5 () 22 03 H9liuh ) po — 3930 BWAI - ¢y jilgs ASud (S )3 Y9 Syl

08
075
07 -
065 [
3 06 -
055
05 -

045 |-

0.4 T IS T S T IS TN S S N A T S

1

0.4 L

1 1
734 736

t*/KC
(b)
Fig. 8 a) Changes of Nusselt number vs X, b) Changes of Nusselt
number and the position of center of cylinder vs time
Ol g el dae Sl (o X ar Coms cdl sae ol s (il 8 sl

Oloj 4 S dilginl 35710

Fig. 9 Distribution of streamlines

Ol byl w568 9 JS&

4,0 360 5180 slls; 10 gadge (nl Como . Cusl 039y &S > 10 (g350s
el ot 0l 12 IS o
595 90 40 alsiil 3510 e a1 il vae Ol s 13 S
o & Al LS Jloa 3 i 252 b s go ol Sslic
lgal (2352 590 8 50 Jlow bawgie slod o o 9 Wb oo JU
s 5 lyad Sl JED Gl 5me i3 ol 2 105 o iy 2581

25

Yo(t) = 3+ Asin(art') (37-0)

2 9 (B sadlhe o Slpedi i 411D 5 11 -2 S o
2 lgtl S5 Ol g gy (B sallie o ps Dl g O e
Yo =3 53X =45 Comign 5l alyial sl oad ool (Lt e o
el 0390d (i3 2 4 29,0

B sadlio o pd ok diion 39doe o0 KB )3 &5 jeblen
03 Sz e ool dw g pler Sl Algiul jee jlam oS g
Syge a Lo ,ds alginl CoaBge g0 (pl o a5 Ldo cpl 4l ool &
Sl ooy yiie allginl 5 3)ly 59508 (B (sall5e 5 03508 S > (I
Shors ) algiul a5 28y o9y (B gadlie copo jlade K0S (Sow
maygl3) Cesl 035 JalS 50 Sy oS By e 5 w8 )15 055 05 >
el 0 i Ly 435 (360 5 180 (slo

9500 09a8 SAMFe (o pd Slydl iy 412D 512 -2 S o
Sy e g 5 $9e8 4o cupd Slyis 5 Ko e (Cy)
Sedise oyd 12 b S o el oals sols ylid ylo) cans p dilgil
LdsYe =3 5 Xc T A5 Cosdye 10 5y s350s sallie oy o
Mo Aty sl 03l 5l |y oo ke 5 03,5 Jae 88l saile uSe
Oype Loyl dlgl o ool &) (Slej g O9ee sadlie oy

1

1 1
734 736

t/KC
(b)

Fig. 7 a) Changes of coefficient of x component of force vs X, b)
Changes of coefficient of x component of force and position of center
of cylinder vs time

ailgo o yo Dl (0 Ko G 9,05 X adlio oy Ol s (W17 Yo

Ol & S dllginl 55 50 (IS0 g 95 X

10 oplais 16 053 1395 (55 . e Sblo uwdige


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

“13 732 734 73.6 73.8 74
t*/KC

(b)
Fig. 12 a) Changes of coefficient of y component of force vs X, b)

Changes of coefficient of y component of force and position of center
of cylinder vs time

Ao o po Ol (o Ko Cannd 9,0 Y adlie o o Ol (W12 JSi

Oboj & S allginl 35 50 (lSe 5 555y

B9 9 WS (o0 o Ceow 4 S5 9y Cel) Caen gl (5
Iy o)l SLsy cdul slosas 05,5 oy conl) G slezil a4 0,lg0
JH1 Jls slod pad @ 05 Jlows 50 05 sailginl £S5 > @ 4y b
55 o osie sloo Jae 5 T JLio & 5 o5 o gy a3l aliins
Fol5 590 SO wlgnnl a5 gloy cdsl sae Jlade ol ol col uolidl 4

05
L cycle
[ — 74
r ceeee== 70 !
045 ’
[ -~ - 4
FoeZ Secpmwgls
B I Y
204t
0.35 |
0‘3>x Il L Il L Il L Il L Il L Il L Il L

Xe
Fig. 13 Changes of Nusselt number vs X,
Siglie 0,90 53 ;0 X 4 Cmnd bl sae &l 25 13 K&

10 oslesis 16 0,95 1395 (53 (Hurde Suille it

S s ey SIS L ol Jls s 4 by il
385 Heboles 098 oe g pg) (Rl b Clal sae 5 wlgiul sla i >
70 550 a5 Camd T4 550 10 Edasl 0 Syt 005050 Dads o 00y S0
abiizs (99,5 Sl Lawgio sloo Gl & bgiye o0 ol S ol 508
5 wlgiul mdaw slos S| cadul sae iy x5 ;o a5 89l ax g5 Lol

el 3, 15 4y Jloms 5051y

6D

6D
-

Fig. 10 Schematic of geometry
JEYEIRYY Wl awain 10 Js<s

Cx
o
T

“13 732 734 73.6 738 74
t*/KC

(b)
Fig. 11 a) Changes of coefficient of x component of force vs X, b)
Changes of coefficient of x component of force and position of center
of cylinder vs time

Ao oo Sl (o Ko 4 Cand g X dilie o o (G111 S0

Ol & o allgisl 35 50 S0 5 5,5 X

26


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

D el 9 dxtiyg iR S uS 53

I )i Ailgianl Joangs Albizxo S yinlo )5 () 22 03 H9liuh ) po — 3930 BWAI - ¢y jilgs ASud (S )3 Y9 Syl

6D
o"*& 7
+°/ /
/
a A
/ — _—
y 7 3
| N
X

Fig. 15 Schematic of geometry
o Syge awiin 15 S
sl 020l 40 &S > 45 (38) S > dolae by gillas
2
Y (1) =X () =3+ Asin(@t*) (38)
5 el S0 e 4 S 9 calpe Sl 16 S0 0
Wloads ools s Hley dr Comd wlgiwl 35 0 e 5 gy ol o Dl s
ul o Dlds (L8 > £g 4 azgi b o on onyd S5 50 &S jeblen

Cx,Cy
A ) o Ny IS o
I O LB o o o o o o o o o

&
T

TTT

C)(,Cy

-8 oo b b b b 1
73 732 734 736 738 74
t*/KC

(b)

Fig. 16 a) Changes of coefficients of force vs X, b) Changes of
coefficients of force and position of center of cylinder vs time

O 3 g0 cal o Sl st (0 Ko a9, o s (il 16 Yl

ooy e 5 il 5 50

27

TN @ g e QLS ES > 0L g £9,0 50 Wjee alaize S5 5o
oS anils aslsl gl> b algiul log dlas ool jo a8 ool pals
ol 00y S Ay gy lade 4y abbase 0 Jlew bawgie glod

J5s 3wl 2552 90 Sy sl oleyr bsks s 14 IS
S baaBge dan ;0 398 0 0d AT joblen Ll ools las aladons
Gl S 5 e AT (sl oad JSas alhass o ol o Kiclusly sails I
Cople 4 ax g b Lol sl )3 ol Jilase alginl (6,8 )13 K6 oo
sl oy o 4 o8 slaals I g s U3l o gl oS >
Alas F S basss o by

R0 dhdze Sy 53 dilgiul g b8 &S > -3-2-3
6o b Slo Jlow 59,0 lyinl (6508 &S > oy callas ) o
2 o lulph sl oad wiSloy (on e galaize o SIS Ghe 4yl
el oud a8 )5l 3 Ble 5 (SLe s Ojgo @ alaie slag e ples
gl .ol o ools las 15 S 10 owyp S50 Allie (gdwain

Fig. 14 Distribution of streamlines

oz bebs xjei 14 JS

10 oplais 16 053 1395 (55 . e Sblo uwdige


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

Mo sahiime Sy )3 dilgiel (LS g g ) loplo oS > —4-2-3
$los b ol Jloms (595 il slopls 8,5 gy 4 el ol 50
Wlie opl )0 ool oady aisley caje gabiione Sy U5 ho sl
Sygo A Cdy e 0 dllgiwl 45 il GlaiS 4 oS > cosle
Sire bl WS (o0 E8 0 Riele Djg0 a4 S 53 g w0 Sielusly
oad a3 S Jla 3 le 5 (S Jlpd Ojpe 4y aliize slaj e pled o
ool o0 00l oLies 10 JSE 33 oy 0 890 lis (saiin ]

O 1 958 (Bl G4l p DlytS o 4 18 S8 o
Obey ez p allgial S50 e g 95 (B (Gadlie o g Dl
Al 4y a5 2ad c0 000 3-3 25w sla,loged ale  Cewl oud ools L
cape e 365 (S5 0l ez aw g pler Kol algul e
9505 50308 sailie uys O Jis 4 g el At 9 B sailhe
4wl &8 o Combge ol )0 45 Cel gl Jds el Tl 1, ho e
Sy wlgwl p (B (g9 jlake i Galply g Sl (B )50
Gblie ool )0 5y (Bl ablge o pd ab Alidey o] a4 05
dos o allgial 4l ools &, ey e a8 o JLis & o
ol ozl a3 18 lug j90 Sy po 0gF 28 Ll o g S

Sl (63908 (§9,u D5 0 O,lg Ayl AT gy Jlake o i

N
T T T T

T T

Cx
A N
T

T T

T T

gl v v v by
73 73.2 734 73.6 73.8 74
t*/KC

(b)
Fig. 18 a) Changes of coefficient of x component of force vs X,
b) Changes of coefficient of x component of force and position of
center of cylinder vs time

ailge o pd Slid (0 Ko G 2 955 X Ao o Sl s (118 S5

Oboj s 2 Allginl 35 50 S0 5 9,05 X

10 oslesis 16 0,95 1395 (53 (Hurde Suille it

e (ntaS 5 oyt sl QLS Loy ((s050e 5 (B8 adlge) 5
el ool Bl s 5 pm 50 51 &l e 51 B (oS 55 el
OGS g i & gl Goee) 5l S Gl pe Gl S (e 4
oy AL s ailosls lis 1) jae Jlade 05 lug sanals lade
o ole o canl cnl Ll 4 O St g 5 cupe Hlsed Gle
ey s dlglal oz )0 352 e Jlw Cul 05> oy il
Jhws e Il Lo 1y T (L8 gl 0,90 50 ailgiwl 5l oas il jo
ol Dyl CiE g iy SO o wlginl (3T a4 jasie X S 0
i 51 s ailgal log b 1, el sas @l 17 UK
d3e Hlade Alidin S5l oo odaline JSG 0 a5 4568 les ol oo laS
ol lade o e el oolidl 5lasl 58 e 5l allgtul jee sKn o el
osls F, 055 &S > o3l slaal 5 ol 4y gl faww ) A 4 CowS
Jogei slezil s Il oS 555 e oy Lo jlogas 15 S5 b priman ccand
LS ol ol o Jds camsas oLt |, LSy e oS el sae
o Jlw slod @myws 4 3y Jlw p3 )5 algtul &S > 4 4z g
3 o Logie sles ke 30 o JLis & 5 5 o g a3l alions
slade b pluosdioo 08 see 4 D)l JUES lade Gy Senl (al33) 4
55 Wiee aliime 5 3 LelS jen Ky algial a8 by il sas
S ool alS gy g S LSy 2S5 bl 5 890

0.6

0.55

0.5

0.45

0.35

0.3

0.25

o
~
T T T T T T T T T T T T T T

0.2 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L

[
-
31
N
N
31
w
w
31
IS
IS
31
&

TTT T T T T T T T T T T T T TG T T 7T

0.2 oo b b b b 1
732 734 73.6 73.8 74
t*/KC

(b)
Fig. 17 a) Changes of Nusselt number vs X, b) Changes of Nusselt
number and the position of center of cylinder vs time
O g cdab sue Sl (o Xe 4 Cannd clul sse @l s (I 17 S

~
W

Oloy 4 S ailginl 35 0

28


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.26.7
https://mme.modares.ac.ir/article-15-5543-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 |

[ DOR: 20.1001.1.10275940.1395.16.10.26.7 ]

oo plyh 9 azmizg SLERS Yus 3

I o Aslgiwl Joawgs albizo Sy ialo x5 (S 22 S H9lisdh ) po — 39 3% BMWAI - 40 3ilgs Al S )5 B9 Sl

5o dilgiwl g > b log sy g dlels g ool aidF lai o LSy
A oy Glej sy abaass 31 50 hawgie (los jloged alrass Sl
lale; ;0 a5 55l co 000 HIged 4 az g b ewl oud pus, 20 IS0 (o
CdS b Ll wilosg e iule S 50 ojlail S 4 &S >z e adsl
2 Sgbiee odyd yulw ialeS e iyl slopls oS > 56 s
g ool las v Sl (o8 Sl Dleis Jloged ez o 2l slagle;
odyd Ko (o a5 jebylen o, o0 SO am e sles e 45 colys jo
e & dawgie wm e les ey ln mY ol st
=942 wlgl a8, 5 o) slopls i 00 =099
S, 0 Suelwoly a0 L ailgiul a5 Slej wlsil glopls jis >
g 1" = 1183 (5,ks sliwl, o alswl flug ,o " =1180 ws .
S o a8 dge5 o leise onl el 1 = 1500 o] E8l log yo
Ol b 00) o2y a5 Sl al 1 S 05800 p5 e aldicee
Gy (o oad bl ped Cae s ) Pl 5 el i &S > ol o
Lo oled jo a8 Jlow o sy ol 05 g el 00y0 )8 iy Jlew
sy Sloy abols @Bly 13 10,5 6 ygo S Wiesd p)5 salgtal
285 M ale)S 55 e plad & ol St 5 Jone Sy 5] g
b 5 Conl o5 058 g0 Sbml CiS 5 2B, 90 S o wlgiul (el
a5 jebles o)l 05 SlusST sles yols caws 3l gl Sz cus 8
el o sloy! 8l &S o lawg iale,S 50 5l o a8 358 e 0o
e by alolds wlgiwl JolS lug je0 Sy e ol yo oS |
a8 Jlw Gule S 0 Ume lea 4 o] citS 5 Joee ol ailgil
Ol ks g canl i i g cd, SO ol aid T 18 wilgil gl
i ol ol vgn sles pels cews Sl sl i Ceo B Jlew
Ad, LS > plo 4 Cond (50T Gy b abaaze IS 50 lawgie sleo
OS] Iogai 90 5 canl LSy Loy®s S g0 cpl b Lo ol
b (8 005 o2 Gle d83 o0 LiS 45 )l SoaSu b 652 L sl
sl eSS Jls sarY o o Sty ] (o 40 9 &S 90 ol 5o
3 Gyi 8l iS5 g Cdy slopls &8 > a5 el s osls las
S ol i lg se 4T 50k 4y ol ddaaxe Sl e ol S
Saere Glopls &8 1> a5 s 00,0 20 vg0> o ) Jlew iule S e

D2 o ol 88l lugs 4y Cos o y0 3T dg0m )0 5 g kb lug g

S 5 dm 9 SM o -4
2 Sl Plee Jo sl Halid 5 p0 mdg9ue DS (g anlllas (ol 5o
ool sl eolaiul aS ceads eols lid el oad slpiiing Hlld pes jgax>
425 b g ol aallS LBg) Oyl JEDH L olpen Jlas J> sln b,
ol o5 lie Co el 4

J= 50 dgame MBS g, 5l eolawl aS calosls lis aslllae ]
Ghey Ol Seje dgbioe barpe Sloslone pe falS 4 e Les (o
YU Jily sae b glealluw J> 0 oUly caje8 b 9o by, 4 Cond
)‘..L Lo plase Jo 0 sgame S| g, 6,55 4 adly o ool
g Sl anilop 1) oS slaws g jusn, sas (g9, p S5y sae il
53,5 oo dllics o 4y [0l 15eS 0,5 slaas b aScd (g5loi, 4 5LS e

29

9 S350 $a8e capo g iy 5y (Ml sallie o po (nlnle s
30,5 oo dineS
Sl g lgtnl 35 00 e a4y s 1) dol sue @l x5 19 IS0
el s e las 1) gley a4 cond wlgial 35 e o6 g cdul sae
azxg bowl ad 3 18 cil y j90 0 algiul a5 cunl Sloj sl b loges
Golr Jlw Sl Lo & S5 > sl 3 o5 Spbin s S5 &
(el ools s 3l jieS 1) 055 sles g cewl oal 5,85 LB en o ailgl
ol s s ool o5 LB 430 5 450 0l 45 Ul 5l e oyl Lo CESLS
0 oo 020 45 (5 s s uwl 03,5l s 1) Jlade 1 eS Clul sae
o3k Jsl xS & il e, 51 U8 Sl sae Jae g S
O e Jdo 4 oS o dalol o Lol Lol eols ) 095 oS >
sae Cewl sas @ily o1 olx j0 a5 Jlew g wlgial o les BB
S o o p)lez dw Glp 1) SLSS Lo ys wigy a5 coad iieg cdub

el ol lias

aliizo J518 Jlw Gialo,S 0 dilgswl &8 o 5l oy ~5-2-3
a abize J21s Jlw ale)S 50 algtal &S 5o 36 oy (sl ol o
ol Ay W3S (o) LS sl 0 &8 slils ez anlic
Mals Lyl allae Jlez o 50 ol oad (ylo 5 Md 4 &565 les ol

olxxxlxxxlxxxlxxxlxxxl
73 732 734 736 7338 74
t*/KC
(b)
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