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Comparison of heat transfer in a cavity between vertical
and horizontal porous layers using LBM
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Abstract- In this paper, natural convection heat transfer inside an enclosure which is partially filled with porous layer
is reported using lattice Boltzmann method. Generalized equations in modeling flow in porous media have been
employed which are coupled with the lattice Boltzmann formulation of the momentum and energy equations. The
present study investigates the effect of position of porous layer on heat transfer rate for different dimensionless
parameters, such as Rayleigh number, Darcy number and porosity of the porous layer. In addition, a modified Rayleigh
number is presented as an effective parameter which affects the degree of penetration of the fluid into the porous layers.
The obtained results showed that the heat transfer rate in the case of vertical layer is more than that of horizontal porous
layers.
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5. Modified Rayleigh Number
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4. Generalized Navier-Stokes Model
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5. Generalized Lattice Boltzmann ¢:Quations (GLBE)
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1. Mesoscopic

2. Pore scale

3. Representative Elementary VVolume
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1. Geometric Function
2. Permeability
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3. Modified Rayleigh Number
4. Boolean Number

ay

1.75 e'd;

1508 150(1-¢)?

#) aal, 51 G g el Jlow 495y 0 (F) akal) o

®

F =

g oo dlone
G=—gpT -T,)+a *)
o Ll s Bl CES G 0) 4l o
Sogbed 598 4 boaye (F) el o sl dloxr (rizren o
dlos () Glag s S0 5l Jol> Dbt pgd alex
el vas aile am g oSlel laug (V) Aol
Ra=gB(Ty- " LI, sas Pr=v/a ' Jl,, sac Da=K/L?
Gy S g T VeV 4385y Cend T)L 0
S A A g0 b s T/ S
ol o wdle Jlw (Gl A e rs g Al jsSes
b oplp (SO (R cro Sl 5 A 558y Cad caslllae
dn @ slastell o0 rizes sl ond a3 )5 k0 Sy
gl ge iy 5 (V) abal) b sillae

> 3 Y L
L Yo all?
u*_ lJ_ V*_ V_ *_ P
a/L a/L p o’ /L
) T-T.
T, -T, )

3 dob s (o polie g 4y T g XTUY) Al o

6L®4.DJ§A ga.:.)).sé\.’v*e u*‘MLS’ULQ) t*sy 9 X LSL*-W‘)
0 gom o L Py g X eme bl j0 om o Ces
i dw o sbywll 4 asg b adbie d o sles
ax o A alaly b gllae (V) dolas (V) alul, 4o oud

Vi =0 (kA)

ou” . e U 1 v,

—+U -V )(—)=——V (¢

p ( )(8) py (ep) (o A)
+PrvVET 4+ FT

Jaate* +u"-V'9=V"0 -M

1. Prandtl Number
2. Rayleigh Number

A6olass Y 893 AYAY LT (g g S350 (nsiihn


www.sid.ir

Ollen 9 5y o

e )1 Ay aliizre Sy 50 @y JUESH dunn Lo

S SSe Jeolss S, g e c=0x/0;r (10) akal, o
a3 oo Ui ) ey

ol gD 5 FEX D)0 aa,

FB V) 5 (VF) Lalg, 5l oolaul b g oog Jolss 568

1VF] silacnlw
€ .U (e —c2l)
£, =g p[l+ —+ v 2
C, 2¢C,
g ahl av)
C

S

alayl, 5 QT Slade g 009 (G35 cu e @ (VF) adail, yo

4 i =0
9
W = % i=1-4
1 ]
— i =5-8
36 an

)“3-‘5-"5‘3‘35-.’45%-‘:’)3 Q}c Q-A.c'r)L’JJ‘)J CS W
Dgb oo dumlze (V) alaly 51

c
C.=— QR

T
& &y e s s S (gsSws Sl polis
DVF] wgs o alms (V2 alal, b gsllas

p:Zfi’O_T :Zgi (Y+)

3oolainl b ojo Cew SosNwg Sl loke uoren
DF] ol acile LB (YY) alal

\

IVE] aiS o sy (YY) alasl, 51V (YY) ala, jo a8
- o <
:Zeifi +Et5PG YY)

a4 (YY) aaly 51 VYV adaly 50 € 5 Cp oo 90

J:

o F
:_(1 g Uy o =X e (v

2K 2 JK

5 oalaal b (@@l 1Y) aloles ,5 g alaz uimen
IVE] el ol LG (VF) ala,

A Bolads VY 895 AYAY LT (59 g0 SSln (ustihon

abaly o ogdioe oslital Jletxl @ @l 5l G5 4l
b (@l -)) c¥olee > slp crasily 45md c¥olae (1)
S g 93 Dyl Jisl g ol Glae Jo cex (2 -))
Joe sl eslitul b (Res Jodsiis Lazs )3 il o515 Jlow
VL gl 5 15 s o5 (ol a5t b9, & 2lo)S
el 0 481 codd olgidin,
fi(X+&6.t+6)-fi (X.t)=

—l[fi(>(,t)—fi(f"*>(>(,t)]+5t|:‘i (@i-\y)
T
0, (X +6,8,1 +8)— 0, (Xt) =
g ) “ge )] (w-1Y)
T

Sy boo)d S il Jli=lig (X t) 5 fi (X t) o
il Gy e dpne G o pley 5 X IS 0 €
aaly b Gillae OF) alaly ;5 ' Sogul slaplsy owizean

Dgd g0 iy (V)

T= +0.5 &l f
Zs ( )

2
st

T = +0.5 O \f
ol wiunsl oad o0l HLis ¥ K 4 45 g8 lan
1 bl sam 90 Jow) D2Qg Jow sl € Cepw dtacnS

[0!0] |:0
= eleos =20 sin =) =14
J2efcos(L=2% ‘25) 2y sin =97 1) +2))i=58
00
(—c,c) (0,c) (c,c)
6 12 s
(—c,0) 3 ! > (c,0)
7 |4 8

(—c,—¢) (0,—¢) (c,—c)

D2Qg Joo sy € S s p adlie ¥ SIS

1. Relaxation Times

aA


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r DU T

ol g &l JUESH s pgs Sl o el 0ddy (o
s b ply ol ¥ Jobo &5 05800 oy p (Sloj Sl
abaze o olil ol &l Jlsl cdls cpl jo @dly jo.all
2 @l 5 Al e (nl 10 09 g0 (o) JFRL 00le LS o
el e caaloas (55 Ve SRa<Y Ll sae o3l
oS gladaize J21s 50 Ol JLal s by so5 pom
bl sae o3 o il e 28l S Y 9o glls
oy Ve <Da) T s sae " <Ra<y

Cewloads

oobo jl ol abdxo SO H0 Wyl JlGl -V-F

£ [l
2ol plrl ol JUl g Jlw Gl 5w onl o
ol 03,8 Jitl |, aliime JS Jibie esle a5 l>

41»...4 u’"’5) )I oalawl Lu o.A.c] Cawd C.vL..a 9 W) o
Sl 0 Ml&a Ao U"‘ B OM)M CJL..alau.a)..Jy
o 5 Lo smlS g ol beks ¥ S o [V 0]
oS wlad eols les e=-/F y Da=)-" Ra=\." o

o [VE] 5315 5 15 Jamags o piitio gl b (095 B

///__/J)//"”m
=

fof— = ;
=/

[VE] gl5 5 195 —call

Leses Lislas

1 1

)_‘bl} ..”« ..7\7)
Da=\"Ra=1" s lesen g ob,> bohs awlic ¥ U
8:‘/f 9 PI':\

a4

5 E = (aa _p2
E =a),p(1—i)[e‘ 2F +LIF .(eiei4 c.l)
2t &£Cq

Dbl Jae 5l ol adllas ;o s ;58 a5 ok olan

] %

W8S e = o) e a5 Sl oad oolinul 'aslg
Gl a8 el ool a3 § s o 0 =1 imen ad e
Sz sl D] o)l sgzse alSilejl b L o5
ad)S Sl 5otV L plp gle sae Jlw il oS15 bys
el 00
S92 o e bt Jlw Gl siledse o

Jloel sl (rojilar aSes (Bg) 1385 35800 Jlosl lae)lgns
S oo oolitl T 4 b el b 5l 550 byd
SbboT sbaolgs 1y oo @58 Ll Jleel sl Y]
Lo mje &l slpede @ in e byo 5l R b
=0,l500) ol Les sloo,lgs ;o (650 by g Sgub o ool
(V0) Laslsy 5l ooleeal b ¥ IS oy azrgi b (ol 5 o o
Ive] sgi o cinyms (Y9) 4
(T =T,) e S o)l sl p

9, =Ty (0, +05)— g3

gs =Ty (05 +0;,)— 07
9g =T (05 +05)—Jg o)
(T =T,) conly Coms 0)lgs0 gl

9s =T (& +@3) -0,

97 =T (w5 +@;)—0s
G =Tc(a +5)—gq (¥#)

b como (b, -F
A g,y 5 eoe] Gy il G o e 0]y
o=l y ead piiis goue @l b o cls a0 ey
@bl o)l Jlisl Al (gl )3 098 o0 dslie dis
Y Culsd 45 09 b o (o p (Sloj ahaize (59,3 3]
oole g 039y (omye abaine Jsb b plp V SO ) Jodoie
adoyo (ml 50 05 oe p po | alaione pled (Ren JolSe
—yls sae VT SRa<Y Y L) sace o3l o b
e=-1%-/5-10 |55y, 54V <Da<y.”

1. Single Relaxation Time Model
2. Bounce Back

Abolads Y 895 AYAY LT (g9 g0 S (usiihn


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r U T

Sleads p abame G lawgie Sdul polie awslic Y Jgus
i8S Sldllas b Jodsis oole
Da=)-".Ra=\." -l

A .17 - /¥ €
VY - - [Vo] e
VYT Vi Ve [o] &

adlllas
V/erY VYA Ve vY ,

Lol
-/AYA VYA VIYAY (/) "las

Da=\-".Ra=\-"-_

-4 -[8 - /¥ g
VYA - - [Vo] ez 5e
Vag \/OY - VE-A [6] &>
2 VDY - VIYYA Sl adllhae
PV VY Y YAYY (/) "l

~ ¥
Da=\-".Ra=\- -z

-2 -7 - /¥ €

YA - - Dol &>
/A VIO0d  Y/RAY [0] &>
/a5 VESY  YF el adilas
“/avY YIOM  A/-¥4 (1) "z

Da=\-" . Ra=\-"> -

“/a e - /¥ €
V50 V/-PY V-8 [Ve] &> 5e
YR VEYY VY [0] &>
Vv VeV ALY ol asdilae
-[5OY g - 505 (/) *las

ol oals 5,158 [2] a0 yo0dd (5158 olie 4 azgi b pond (sl

Jolswio solo Gle o aladxo jo Wyl o> JlGI-V-F
2l abulr ol JEl s Sl 0l Cand ool 5o
Ol 52 @&l 50 09h (o0 oy p SIS 03le Sl o alaione
el yao bl VS o Sl sole Culis cJl
Jolsce bse oSl @Yoles il S8 a5 ob oles
oS gl pob Yol 4 Da—0 4 £V a5 o
slp ol ea p 09doe ool AE Jlw oS>
Sed Ghgy 2 Sl Yol 5l Glgiee Gl siledse
sl o Da=V-" 5 £=-/2090 &5 > 0 il

3,5 oolazul

A6olass Y 893 AYAY LT (g g0 <SS (pusiihn

Goges allie 5 am (o lod Hloged jiiny annlie ol
TS o dhase lawg (88 e olael o am o ey
Sl 00 D)

o e soyelil 5l (Se s S8 a5 sk les
Jgaz 0l bawgio cduwl sae wbbaze jo &)l > Jla]
L ol adlas 5l ool caws @ buwge cdul sae )
] 00 dslie alndS Sldlas j0 35290 (g00s slo J>
Cawd 4 bl ol ools lis Jgam (pl jo a5 b lea
LA goae slad> L oer @il Lol >l sl
Al o 1Y 1 eS s gl g alils

1
yol> Gubod —
0.8 el gl 543
S 06
=
fx
< 04
Nl
0.2
0
0 0.2 0.4 0.6 0.8 1
X
a2 b loges —all
40
30 PRl i —
20 [VE] sl5 5 535
< 10
S| M
x 0 -
=
> 10
-20
-30
405 0.2 0.4 06 0.8 1

X

Sa (9 S ($350e allie J3ged -0

3 Sy (G0g0e dAdlie g dm o leo losed annlie B
Da=)V-"Ra=)" )5 abbise 38l Ls sl
8:’/f 9 Pr:\


www.sid.ir

Ollen 9 5y o

e )1 dny aliizre Sy 50 @y JUES duns Lo

Jilce aY 5 Jw &Y Spte Jab o Jlw 3,
Geis @l (5lw e 4« Shy ool Goge)l lp bl
PSS 50 0ald e,y dwdin Gilhao [v] OoLhen ¢ o>
ol e Ll Syl oo &S el A/L=4 /YD Jade oS >
Jodie ¥ 90 (0 30 RS o e b bl asdllas
FB (YY) al, &igo 4 i by opl ailes S oolatul

Iv] e olo
1 ou, _oug 1 1,
- =f——=—U + 4,—u
€ an porous an fluid ﬂl Da t interface ﬁz P t
xY)

6[&-&-&7‘) BE I P e :\.DJyn Ut ‘(YV) d.]a)‘) Be
Wil mhw g Sgee Cgz cams lid N o puies
Gl Sty g bd-gilagl vy a5 Lo J> b uzen
Solaie ailgs oo B, 9 By yuelyly g0 a5 al eols lias
Ir] sl asls =) B o
o o b oae oS 5l el cawds ls wlie ol o
P e bply By B el 9o &5 S Gl Bea 4
A gV Gl S jo 0ab oo duglie (] oal a8 50 1
@ pol> gose o 5l edel Caws @ b g Lose b glas
2olie lp Y] 5en 5 o2 @l b epily & (2,
sse @l polie 0 e=-/f 4 Pr=) (Ra=\."

ool 00 amglie (Da =17 g Da=)-"") o)l

y Jsdses ool

T _
an

aT -0
n

[¥] 2 g (2 Guios |0 (omy 2 Oy90 duiin § S

1. Stress Jump

30 95z @l b yols Jo 5l cdul sae ¥ Jgax o

i dulie Gl rizmed ol ool dunlie L3 Slallas
Gl albaze lawg 88l s olal )o S ‘5» 6bo 15 g

wlamw)akjfw)o\ ‘SJ.)I slagl

oY g0 glle dhame SO 0 Wyl JlGI -Y-F
S S o ol sl g b Glawe cwnd ol g0
5 Yl Cwand o 8l o 4Y g glls aS alaames
d&.o..m u"ﬁ) (5.»].)‘93 B onl ool )y ‘dw.:l)‘sa Q‘”L’
23l ol ol JEl mems 5ledoe yo ey
‘w|oﬁﬂ&lﬁcauj|wﬁ)}b4{d§m&g

g oaly lis

b s oole ol o lawgie clul polie aylio ¥ Jgo

asds oldlae
Pr =1 Pr=-/v\ ool
p)
] ] Ra
e o] e il o [V S
AAYE AN VAYE AVATY  AYAXAYA VT
YIYAY YIVEY YIYY YIYAS  AYAXAYA V.S

/YA f/ova /00 f/0fF  Vayxyay o Y.

',n
(Ra \ )f{jobwu
(Ra \ J..4L‘>L5...L‘>U ........
0.8 ¢ S (Ra— )[Y\]ybsw)&;} O
poO \\N (a_\ )[Y\]ybsw)ﬁo o
— 06l G Q a e )[Y\]ybsw)&b o
N Q
3 %
=
= 04
0.2p
() 2
0 0.2 04 * 0.6 0.8 1

5o abiae Sl B ahie o am o Lo g O KB
Ra=\y-* )T v-" o Pr=-/vY)

arg BB sl Shy 5l (S0 owd S5 a5 b sles
e Gilwdae 0 gy ! QUlg s AL o,

A6olass Y 893 AYAY LT (g g S350 (nsiihn


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r U T

b wed oo cdalin A 5V s S o a5 b e

S8 0als piie bl b gs5 Bl ol> gooe Jo 3l ol
Sl sae polie 1 S0 o iy dunlie gl dalsl yo

C.)Lu L: )“aL? Gods J> )| OJ.AT Cewdo S s °)‘5?.° K9y »
we=-/¥% g Pr=\ Ra=\" 5l [¥] o Ken 5 o>
douslie (-7 <Da<ye) el sae Gl polie
175l S ol udod oed gllas e aicing . Cwloald
Jodo g cccsl oas (3 aslllas cpl o aS job les il oo
WJlow g e &Y (o 50 50 00 Jlesl (5550 Lby3 g5
30 edel e ol sae B, g B el g0 e b
SIS ol &5l sad 5,155 0 s b Lyl adss
D5 50 slod 4 ol o b s sl ]38l glacde

sl a5 3 goas o JMlisuo! aedllas —0
3,90 Slwbre a3l soue o Plaiul iy ol o
u)‘)} JLQ.’ZJ‘ ‘)5.5.2.,0 U"‘ (_;“).3 éws‘o R coolawl
slacl o Ra=1" o o glabame jo oljl olul>
AS..{ 5o ol 00l o bz, J.?LL‘?U w)..o 9 @»)Lb
Al wil 2SoeS awyls vae ax e ol Ll sae
it Slewlre oSS Sl goae Jo Pl gl el
IVF] asbco so0e Jo 50 655,50 s 5Lo g ol
ol e pd sl e g by gundSils pl Glasin
& e 00 odd 5 polie 4 Cus alols 5l Lt
pe=-1f yDa=)-" .Ra=\-" &l aiges sl [0]

-2 ]01

10

% 5 4 3
10 10 10 10
Da

©ode > slp a0l jo cdul sae polie anslae 4 S
[¥] o5 5 o2 bt g pol>

A6olass Y 893 AYAY LT (g g0 <SS (pusiihn

o,z bk loses byhs

[¥] o) Sen 5 o2 guls -l

Da=y""Ra=1-" 0 lope 5 jb,> bshs aglic ¥ S
Pr=\ 9 8:'/‘:

ok bk Lo byl

I

[¥] o5 5 o b -l

=

ol o~

Da=1-"Ra=1" o bopd 5 ol bohs alic A JSb
Pr =\ 58:’/f

VoV


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r DU T

o @ cdl ol 50 (07 abe 5l bl 00l ol
WY B 53 Jl spiieh ol 236 G s
Cugliio by Jodio a0l j5ee (gl Jlow g 005 o5 Jorlxie
Wodgn oad Vo IS yo a5 ek ples 098 00 99, s3L)
Jodsee Y 2l 5o Jlow 3985 S g jls guylo Slacl o

08 0 ol 5 oo 45 5 & 0051 522U s

cdab sas (59, 2 Sl JHe 4Y Cusdse Sl o) ¥ 9o

Lugie cduli sae polie o goae o slbs w)p ¥ Jgus
Ra=1" glp slaubre dlbize gbbaSis o
Pr=\ g 3e=-/f .Da=)-"

o sl G s s gl o o3l
0 ) ‘ @ s

</ MY V/eva VAT X\OF v/\vs V/y.e. PEXPYF
o] svy VYA YYEXOAVY v/ DAY v/ AN AFXxA¥

N v/ YA YAy x)hay (VA V/-AY AIVEXOYE

Lwgie
v VT " Y- Ran

A -/f -/ -/f -/f A € Da
v/iava Vel

Yivsy veds

flovA f/ves Yo v/ eae VI

$1¥5e €158 A[Ave Vb Yods

£/0A% £/ OYA - - - -Vl
f/ovy F/y-- O

alaioes bausg o il sl 4Y -0

.Da=\-".Ra=\-° Slp by bolhs soue mlis Ve JS<%
Pr =\ 9 8:’/\‘:

VoY

i gl LAY 4l Y Jsax 4 daxg b

Gode J.> 9 0093 Gode J.> 6‘).: ‘Sa.u.}lm AS-M&J /’/? 03&}
sl o Slslors a5 5l S

e -#
sas o by sastales il Ay o el )l T e ol po
90 50 Sl SRR aY (6 Sy SRS Gl (o)l
e Ol 5 @)l JUl » (V JS8) (88 g sogee >
2 LAY o5l S8 LB gl oo (o) alaize 5o
Jsb/y L ply g eog ol culo il alaie lawg
CHlpSy WSl Geimes Al (ompe abiow
Glp oy a4 1ATXIAY 5 AYYXIYY AYYXYY
ol sae el s ool V-0 o VT T la L),
IS Y Jgazr o iz ol gl abaime )5 gt
Cdal vae polie (Jgaz opl jo cwewl SO LB cusloas
B8 Bl Sl gog0e e Y a5 > )0 Lawgie
Sy gV adle flae b cenl a8 5 )18 aladss ol -)
Slee boojls 13 alhase o Jle a8l sl Y a5

RV W3 SU S PRESIR G|
95 o «hly olael po ojlgen ¥ Joux 4 azg L
&S S o hugie cdul sas Jlade coll s oyl
i8S 1B alaios )3 (g3gee Dy 4 (Sl e Y
JUOCE P TRV R [ W PIEESPTNE U IO
cars 5 by s o @l s 4 bl saslie oyl
O D9 oo A1 swls dae s bocol b
5 Jodxie oole jpax> (o dliaase loads Jalo oyl liee
Jisl (g5, 2 e osle J355 e b s
oS 39 g0 i8S I 5o (Al il sd o0 (o) Dl
Sl slael) wil SoeS e o aY owls sae

A6olass Y 893 AYAY LT (g g S350 (nsiihn


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r U T

sae L) @8l e Y a5 Sl o el sgpede 3
ol LIy slacl 6l YU cwglin o] aubs @5 g o5 o)l
90 050 )18 dlaizma fawg 10 (Fomb g Ve adye jlend
U5 ml i Y il s oV Cand Lo al,S
0)lg2s oo 5l 8> (sl Jlow Sl cnl 53 05 005 (o
S 4SS oo SR (6 e 0 01320 oo 4y 05
A2 oo ol 093 3 Jlew &5 > blae o ) Ceoglie

S & 05 0yl Caow 5l IS > 6l Sl cplple
e a¥ sl s @V sliend o wp ojlns
o onl o g adly Gl (S oole o Cend)
Ao oo lid 093 3l Jlaw C8 > 4y Sl (6556 Ceoglie

Lm))gl.ils—g
Gy B Sl Jabe aY Gly ol behs VY S
Pr=\,e=-/f .Da=)-" .Ra=)-"

JHe o ol Jlaml L s, sz e b ol o

b azg b bl il o ol obul> g0 4 Jlw 4>l
L asbice omb ool 2ol Ll sae je cdb ol o oS

A6olass Y 893 AYAY LT (g g0 <SS (pusiihn

95 9 odd ugne jeed Jlow Ceend jo Jlow Sl nl o
05 Dl 3585 JoJo 4 g 09 o0 JSiS (2lgi cnl o als S
9 med Jlew o 5 50 i Y S Y s Sl
Ol ew)lo o J0l58l b sl sgguin Dl oo 44y
£33 48l Gl bt ¥ 515 55 Jlow 5
&S jeb len S o S Y Bl jo daa a
Somb el ol bl slasl ) VY 5 WY sla IS
Olyme syl dae (iol38l b el 0als ools lis (Ve adpe
e G s Y 515 3 e S5
odnlive slaasls )3 Jodsete AY s jls sae iol58l L
S5 Ve JSE 58 $8ges il Y 85k )0 oud
Vel asse jlgicmb Slewieas ol LI, sac o
DS a5 o alaiors lawg S 4y (aib oo

Les HgilS -
6‘)‘«’ (SO50E ‘5>L..A ulzlz_m aY 6‘)‘.’ QL’)’ Joﬁ.la} ) J&w
Pr=) y;e=-/f .Da=)- .Ra=\."

Wt oSt by bshs 0 a5 b jles uizen

Vo


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r DU T

03,5 E8 > Sy o)l Ceons 4 05 o)l 5l (Sl (655
O 3985 a0 )0 L) Jodsete aY leo 5l 65VL Ceps b g
5 aliioms 5 a8l Jilite Y 45 _olSin Lol S o jpuc
) e ¥ g0 bawg plejen Ojse @ (> 550 )l
5 Sl Jsie Y bawgs 53 g (Ui Y b 9 Y
S b 0gd oo JBle 0 p 0)l520 Caons 4 05 0l
sS S cpl e ol Slule oyl sl Gal g Jlew
Wb oo ralS cdl sace 5 009

oo ;3 3 5 05 Sloojlpd &5 (ol Koo Sle &
Oyl UL &508 w5 yF e 8 R aY ol g o
ol 8 g ool s 81 Y L alie 0 0151 ool
ol 3V 3 o] ol Sl JIES) oy o le s
Iy eyl oYL &ya8 >le cpl o ol Jlasil  asl Y
At SSLLoT 88 sdsee 4Y ool 5 oYU Slxio

Lo )5..45 -

Ra=1" Gl gle Jodsee a0Y lp b, beks VW Sl
Pr=\ ye=-/f .Da=\."

AR

Seaglie 395 508 (6 ndideii o 4y Jodiite Y (ke &
J513 50 Sl e pos 5 3585 s e g0 i 2Vl B
Yy Lo ,euls o GBlo balas 5 009 bl S 4
w5y &S Sl cpl oaims Hlid VY g VY SS o Jabe
5 olpls cwl ghle colae Ojge a4 Al pl o e
Ok (e)ls d0e (o9 ol Jdo @) b (b, sl
JH1o 5o Jlw 0l aiile lgi o ) abaize J2s 5o Jlw
Sl 53 Logas) 35 Jas Jlow 4 b 4 (slakiie
25 A g o il o B e sl oY
aales ool Hlis a5 b lan 05l o 0ad 35 VY S
(cd;y wles o sl bals 3 ol sl sae yiol38l b s
¥ sz 50 05290 mls B 5855 33 a5 5k les
ol Ll slacl) ol (owyls dlael o a5 v o las
o s s b sae (Giomb o Ve ade 5l ol oad
oS Zal Sl 5l eS ol 108 alhase jo 881 Sdsee Y
aST gl e 15 sl 43§ gl alaize 0 (goges Y
b 0pSoe IR abhie Ly 0 (gogee Jle &Y
IS NI SRR SRR SRR
Sk @ cawlls ol 4Y Gl i Caglie S925 e
o oy Jsb U iy il Js gl sl Jlw
aliis 315 o il sl aY a5 2l s Ll il s
Y Gl g Vb Cend 0 25> b Jlew 05 s 1B
Oyl P30 08 ojlns Job i/ b L () e
3575 0339) Jlw @Y Caond o 2 pl o ol e
S ol ol ol sl cas (Yo e Sk
s3e ol @ a4 g) oyl ae Gl L (izeen bl
a5 W sles (V0 adye 5l YL oead Ml L,
Grdudeds e el ool ools Las VF 5 VY sl JSG
Jw &5 5k & sl Rl Sl 4 S35 Jlw
s e 4 g WS Soi Jabsie Y 0 Sl
JHlie Y ool g oYU lcwnd o aS pleal S
95050 Ol el oo 0030 bl owylo olacl jo a8l
O+ a5l end ol Ll sae) Sl ol s eimes
Jooie Y gly lawgie cdul sae Jlade ¥ Jouz illas
oY oS b o 1n5 sl e B8 Y 5l i eoges
@z b Jbew ols 5 abaioe by o (050e Rl

A6olass Y 893 AYAY LT (g g S350 (nsiihn


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r U T

)J‘)J B wsLM calrases o J.?d?b.n ools )‘..\M u,..u‘)s‘ lJ ‘).:)
Ol Lol Ll sae G ol oo il 8l Jlew &S >
oole Cuglin oo oole Jolsi cujpo g (owyls dae
oled alplo wbioe 28 Jlw o5 > Jlio p3 Jobsis
5 el dlael o ccwl samlie LB T Joam jo a5 4b
oledl Gl e (=+12 g Da=\+"") YU Jodss cu,b
dae g asles &l Jasl g5 Jodsie Y aS sgel
S0y Hlews Jodse Y Cle jo adwl sae 4 cdul
JBsl jlase o pien gaseie Ll SO0 plpls 0ed o
Iy w8l oo sl Jodsin oole Gle jo abrame 51 Ol >
JU! e g aidlai 092 Jlow <S> pln p0 (eglia

355 oo o abadss (o olj] Slml> o),

g -V
S8 ol olmlr Syl S g 4 dalllae ol o
AW ol aslby She S 4Y (ol alaiow
Seoliys 3ozl slois, 5l eolizal b a5 azsi8 Slallas
"t S by e gladae pelaly Slesle SYL
SYolee (bl (pezily el (g, 5l dlllae (ol 5o axily
Sy 5 5,0 oy plos a5 GuSginl nsb 4l e
sl s 03liias] S o iioge dsles o lyly Jlas 1 8)g
wnie o 5 ool &l sy (Ghgy ol sblre alex
sty rle boawlie o cwle oS Cepm
ol Ol 65, 4 g by, il welio il o lelne
Ol e Sileddnng odazmy Yol b axlye )3 (o,
ilee JodEe A g Jlow (e 50 50 Sl

@bl o)l Jll el 5o 0 @bs (g5l e ) am
JEsl 55 g Red Jodseie oole 5l oo p adaios SO 0 ol
olael Ol gy ay Jodseie Y Ol o alaame o0 Ol >
oy eyl 38 o bl sue asle Al p WSl om o
3 S Y Cosdae Sl ppat 5 SRS 4Y SRS
L as ol osnliv cul oals aiBls 88l 5 (gog0e > g
sas Gile a b R aY pdided Gle (S
Ol (0ol ol (L) sae o] b caslite 5 ) ()l
b Gl Jalxie a¥ B 0 e 6p83s8
Gkl dae oI L celiie 5 SarsS (ol Sl o cnlnby

A6 olads V¥ 895 AYAY T (99 g S0 wiihen

ol sl ~ il

o

o¥
Loo”.‘;jlf—g
6‘)? 6::.91 ‘:L\A Jrd=e a0y 6‘)‘. ub}> Jasb ¥ JS..»
Pr=\,e=-/f .Da=)- .Ra=)-"

3 g osalin ¥ oo 0 &5 b lea (e
p3le a5 (Ve a0 5 oot Mol bl sae YL olie
ol b il e ol Sluls Ohgo a o)l il CJle
90 o 0 cduwl sue ke Jadsie cole v ol
Lley bioe gl e Y (88l 5 gogee Coxdse
Sly Syo slag s Glie e Y & jlade A8
Jlow a5 o g a8l ol Jlow 2 55 Lo jlond

WS o &S o e Y By g Ce i b
8y Ol T o) sladsaz ;o vz 90 polie anlio |
e jasin 5 (g o g owyls (bl sae Sy a8
aliie o i sole e Lial3dl b bawgie el sae
card 9 ekl dae S e Gl 4wl SalS
0dls y Jodsis oole 3l aladors oS Sll> o asin ol
Y o5 bl adul soe Jlaae (Ren aliase) ol
ol jaS 358 oo )l 3 abaione j3 (HIL g sog0e e

\R¥4


www.sid.ir

Ollen 9 5y o

P R CTRPUT SRR SENCAN JUR T-r DU T

Generating Porous Media”, Numer. Heat Trandfer
A-APPL, Vol. 18, 1990, pp. 371-386.

[9] Nakayama A., Jones R., Naylor D., Oosthuizen
P.H., “Free Convection in a Horizontal Enclosure
Partly Filled with a Porous Medium”, J.
Thermophys. Heat Transfer, Vol. 9, No. 4, 1995,
pp. 797-800.

[10]Beckermann C., Viskanta R., Ramadhyani S.,
“Natural Convection in Vertical Enclosures
Containing Simultaneously Fluid and Porous
Layers”, J. Fluid Mech., Vol. 186, 1988, pp.
257-284.

[11]Chen S., Doolen G.D., “Lattice Boltzmann Method
for Fluid Flows”, Annu. Rev. Fluid Mech, Vol. 30,
No. 1, 1998, pp. 329-364.

[12] Succi S., The lattice Boltzmann equation for fluid
dynamics and beyond, Oxford University Press,
New York, 2001.

[13]Guo Z., Zhao T.S., “Lattice Boltzmann Model for
Incompressible Flows through Porous Media”,
Phys. Rev. E., Vol. 66. No. 3, 2002, pp. 036304.

[14]Guo Z., Zhao T.S., “A Lattice Boltzmann Model
for Convection Heat Transfer in Porous Media”
Numer. Heat Tr. B-Fund., Vol. 47, 2005, pp.
157-177.

[15] Vishnampet R., Narasimhan A., Babu V., “High
Rayleigh Number Natural Convection Inside 2D
Porous Enclosures Using the Lattice Boltzmann
Method”, J. Heat Transfer, Vol. 133, 2011, pp.
062501-1.

[16]Rong F.M., Guo Z.L., Lu JH, Shi B.C., “Numerical
Simulation of The Flow Around a Porous Covering
Square Cylinder in a Channel wvia Lattice
Boltzmann Method”, Int. J. Numer. Meth. Fl., Vol.
65, 2011, pp. 1217-1230.

[17]1Ergun S., “Fluid Flow Through Packed Column’,
Chem. Eng. Prog., VVol. 48, 1952, pp. 89-94.

[18] Vafai K., “Convective Flow and Heat Transfer in
Variable-Porosity Media”, J. Fluid. Mech., Vol.
147, 1984, pp. 233-259.

[19] De Vahl Davis G., “Natural Convection of Air in a
Square Cavity: a Benchmark Numerical Solution”,
Int. J. Numer. Method Fluid, Vol. 3, 1983, pp.
249-264.

[20]Mohamad  A.A., Lattice Boltzmann Method:
Fundamentals and Engineering Applications with
Computers Codes, Springer, New York, 2011.

[21] Dixit H.N., Babu V., “Simulation of High Rayleigh
Number Natural Convection in a Square Cavity
Using the Lattice Boltzmann Method”, Int. J. Heat
Mass Transfer, Vol. 49, 2006, pp. 727-739.

AR

Sl ol Sise 4 el Gl esd Lo
odle (6 pdudedi Glime (ow)ls dae Bliae IR L g WAL
Jobe ¥ J2lo 5o Jlw e ol 8 4y Jabs
28 Dad o] plmle ol Tl 5wl (il
TP e s Sl R Y ojlgen (s
slael o Jodsw oo mal8l L oM oyl |y &l el
olidl oz Y 3l o e e Gl YU L,
5 45 sy S8 il Gl e Jli 5 asil
YU gwyls dae 5 Jodsw g0 0 09,000 YUl sae

Jal 5 ansles o> JBST 5l Los Jsdbses 4
Y ol o dheme S0 Oyl sl s ol

&l A

[1] Cheng P., “Heat Transfer in Geothermal Systems”,
Advanced in Heat Transfer, Vol. 14, 1978, pp.
1-105.

[2] Bekermann C., Ramadhyani S., Vishkanta R.,
“Natural Convective Flow and Heat Transfer
Between a Fluid Layer and a Porous Layer Inside a
Rectangular Enclosure”, J. Heat Trans-T ASME,
Vol. 109, 1987, pp. 363-370.

[3] Chen X.B., YuP., SuiY., Winoto S. H., Low H. T.
“Natural Convection in a Cavity Filled with Porous
Layers on the Top and Bottom Walls”, Transp.
Porous Med., Vol. 78, 2009, pp. 259-276.

[4] Nield D.A., Bejan A., Convection in Porous Media,
3" ed. Springer, New York, 2006.

[5] Nithiarasu P., Seetharamu K.N., Sundararajan T.,
“Natural Convective Heat Transfer in a Fluid
Saturated Variable Porosity Medium”, Int. J. Heat
Mass Transfer, Vol. 40(16), 1997, pp. 3955-3967.

[6] Tong T.W., Subramanian E., “Natural Convection
in Rectangular Enclosures Partially Filled with a
Porous Medium”, Int. J. Heat Fluid Fl., Vol. 7,
1986, pp. 3-10.

[7] Nishimura T., Takumi T., Shiraishi M,
KawamuraY., Ozoe H., “Numerical Analysis of
Natural Convection in a Rectangular Enclosure
Horizontally Divided into Fluid and Porous
Regions”, Int. J. Heat Mass Transfer, Vol. 29,
1986, pp. 889-898.

[8] Du Zz.G. Bilgen E., “Natural Convection in
Vertical Cavities with Partially Filled Heat-

A6olass Y 893 AYAY LT (g g S350 (nsiihn


http://www.amazon.com/A.-A.-Mohamad/e/B0052Y77VE/ref=ntt_athr_dp_pel_1
www.sid.ir

