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2 Multi relaxation time lattice Boltzmann method (MRT-LBM)
3 Single relaxation time lattice Boltzmann method (SRT-LBM)



ol Jlwgil g9,51 ags 5 0l JUsil oy 4 DAL 808 5 o el 526 oy ST
Wy Sgucme 7 gy &y (pblite loes 5 50 S pie (150 50 b (oxeye ik ()9 L]
Oyl Jasl 5l S sode p9550 g awgie Cdul sae ygwolon ;) sae GuliEl L as sl Lis ol
sbrlr &)l JUilogd o IS 55T Gial8l 4 mie 0,393 ao o (rali8l pazmen il oo (238!
eblise Glage Jlcod g Jlogge ole S b oy aliime (950 Jlwsil (951 g g S S
dde il as ol lis als 285 18 w0 90 (g0 by, A [vf] 9> lawg Jlodygly c eSS
b bgie cluls sae o U5 09,51 05800 IS (9,5 5 Lamgie cluli sae alidl 4 e jolsn,
Ol &5 (5By (mizmen Whioe GRIBN 0,350 oz S WIBIL g Al (pedile sae 38
U gyl 5 agie el soe Jlade oo ytaS wgd Jlagl a0 YV+ 5 8+ sblsly o mbliie
Dgd g0 odalive

(Jlocl o5 £55 o) gy é pmrboline (s 45 05 o sdalive od 3o oL lelllas 4 4z g5 |
gt S 5 e 55 s 51 s 5 e Jl T 15 o Joe MRT-LBM J oslizl L
S it 15z by co S e Ghg o b JSS g dned 0 i (09,0 (pedlliesl 0T (S 5
Olwe Jlogl £45 5 a0 2> blad aygly sl ool ailo,yy ol 4 ol SIS o aS cewl suid pwy
g 5 oyl JUml JsS gle el plgie 4 Jlawgil oz 5 5 Ggmid, by S3e punblize
S S5 S oS S Sl Azt e 3 Sl 3 aallan i e g s
Bl LaSel) gand 53 sl )eiSIS 5 (3,1 slagle daglonsle 4905

2y e Koz Joo poo (25 il a0t pailojle pj Djp0 4 pol> Alie Ghlise la s
bl oz i )0 5 gve S g 9 oSl Yol pgw i 50 S e rogi ) (o) 2
2l ol s oo el on @l bl aSit ) o Ml (prizes 5 LS Slalllas b ol IS
el 00 ol il ASw 50 (6 eSS g iy S 0 48T )90 (5ileand

Al Ciogi Y

ol oals a8 )5 lai 10 S e gy )0 b HXH olal jo ches JS0 45 (gamgo (gloja ol )57 5o
0y i 0,les (ol ool sols L (V) S )0 99,5 o0 1,8 it llgy jo i m il g as
ol e o b a5 ol cmwgim slos 20395 Syl )] Bl ol a8 Jl> j0 el 418 o <ol sles o
S8l 50 CBIESh 5l 5 CBIESS Bjgo 50 4 (qunbline Glae a0 25> 0 Cews 4 R
Jegil ol (o) 3590 0yi 09b o0 Jlesl oyim p WIS 2 dgee 5 Cly 4 G 5l Al
ol oo &)l T (S dge 5 Lolys (V) Jgaz 40 &S cuwl (Water+Alumina/Copper)

Ol ol 5 50 Sl oud el abgipe polie oo a4y (ow)n 3y50 Loyl (V) Jgoo o
S5 3579 ok (555 (34 g 009 39i8 hlB et L ye plad el oads (28 l)T 5 Ll ¢ g sl
5 ebline Olage 51 (30 0ol wdg sle)S 5l g 03,5 G Seni 4 5l S oy n 0 50
L¥o] ol oot Jaics o )l b



\f'\owu‘fjoa)w‘ﬁ)%5wJu u‘f"&“&ww&w D

R

TMFA4
TMFA2 E
TMFAL i
: — !
or B or —B—s
Hybrid nanofluid
— (- Tsin( T Dy,
—
Vv
e S)y9w AJ‘LM.«: dwdid —‘ J&M
[¥ol ©ligl s al Juw Sjdgers ols> =Y Jgior
o CogdT ol Sdeey ple>
DB +F Y/Yx) A BIOx) + (Smho
YAD 2N F1Va (JkgK?1) Cp
£ ¥ JIENY (Wm?K?t) k
VIEVxY 8 “TADX) -7 Yix) . (KH B
ARYY Yav- 3Y/\ (kgm™®) p
Y- Y. -I¥A¥ (nm) d
2 230 Soyeiia polie =Y Jgaz
ol o
Fogfe Ne o (Ha) yoi )l soe
IRERRTA (RI) (ygws b, sae
cofof g F e foY o (@) 3wl ools (cozm> oS

oeblioe plase Jlosl g3

TMFAL, TMFA2, TMFA3, TMFA4 o .
(Type of magnetic field applied)

a0+ 40 4 \) oy0> Jles “‘ij‘}




N} Jwbo@&.‘y&Bﬁ"ju)‘)?JLM‘w)):

by kulg, =Y

oSl oYoleo -Y-)

5 () Lalsy o 550 5 A5 oz Sl 0 bogaye Laly, (b Cannd 0 s Jo Ll (55 a5 o b
& 55 arsyS] st 4y bogs e SYolee 595 co drlies (0) abal, b 5 b,z b el ool asl) (F)
(S Ealin s (I ez 3l Jlsl & bgrye s, 35500 ol () 5 (9) Ly, &y
Ly, Gb Sl calwe oo g o) (Gl e cu e (Sl bl cuyl (ol S cud)b
Sgu g0 43,5 0,00 ol 3l &l g Jo j0 a5 amy ey gle ysie i b sl 0als L VP B (V)
I¥ol wes o ls (TP B OA) Lailg, & )go 43 s 9 oS> SYoles (1Y) alal, b

ou ov
—+—=0 )
ox oy

ou au 10 o’u  o%u :
+V—=- —p+ i (= + =)+ (BP)n9(T - T, )sink ™
ox oy Prot OX Ppe OX° Oy

2 2
V@V__ 1 @+thf(a\2/+a\2/
OX oy Phat OY  Ppr OX° Oy

)+ (Bp),s9(T - T.)cosA-c,, B>V )

or oT _ o°T  o°T
+V—=0

Uax Vay 0 (G T o) ®

y(x,y)=[ udy+y, ®
STOT=SH +SF+SM (;)
K r,OT\2 0T,
S, = ——|(— J—
"ET [(ax) +(8y)] V)
Hpnt Uy, Ve QU OV,
Se = [2(() + (D)) + (o + )] )
T, oX oy oX oy
2
Sy =ty @)



VEY Gl cpgs ojled ooz 9 Comn Jlo Olrl SSle (pwaigen & 725

Phnt =PeuPeu TP a0, P a0, TP (1-@ a0, ~Pcy)

(©cuCe TPa,0,9a1,0,)
3[ Al,0; P A0/ ((Pcu + (PA|203 )]
Ot —14 O
o. + c Gt o
Gf ((pcu cu (pAlzog A|zo3) + 2] _ [((PCU cu (PA|203 A|203) _ ((PCU + (pAIZO3 )]
((pcu +(PA|203 )Gf Gf

(pcp )hnf :(pcp )cu (Pcu +(pCp )AIZO3 (pAI203 +(pcp )f (1 '(pAI203 _(pcu )

(PBint =(PB) ey Py T(PB) ar,0, Par,o, HPB) (1-9 10, ~Pcy)

k n
Oy = ot
(pcp)hnf

Ls
d +dcu E
[ 34.87(A'20d3i) (@0, 70 +1]

f

Whne =

Ko o ey )0 1 )
f TC( Al, O, +dcu)l’Lf
- V H
:i,Y:l,U:i’V:liezT Tc ,P= pZ,Re= p _Ri= Grz’
H H Ve Vi T,-T A Vs Re
- 3 2772
Ha=BH |t Gr=PPITh T b v (K o o ToH
i Vs O p Cp ke (T, = To)
L v

“+ =
oX oY

oy

)

Ay

")

QAD.

\H

()

")

\Y)

M)



N )‘Lg“'L’°M"\J5"L§'5)"""3“’)|)>JLM‘L;“’))"

U U _ P 1 p 1 o’U U

U—+V—=——7+ +
oX oY X Repy (1=9p 0 —0)"* (aXZ 8Y2)
2¥3 (\ﬂ)
+
+Ri9p—f[(1—(PA|203 _(Pcu)+(Pcu(pB)cu (PA|203(PB)A|203 Jsinh
Prnt p¢B
2 2
VARV U W52
X T Y Re pry (1=, —00)" X Y !
’ )

+ 2
Ri0 p_f[(1 ~Opo - 0.)+ P (PP, P a0, (PB)A|203 Jcosh— P; Ony VHa
Pt P+ By P Or Re

2 2
U@+V@: ! ahnf(892+662) V)
oX oY RePr o, 0X° 0Y

P(XY)=[ UdY+¥, Y)

STOT :SH +SF +SM (Yv)

k 00 00
S — —hof rr 222 +(— 2
s [(ax) (aY) 1 vt
[T oU,, ,0V,, ou oV,
S, =" [2((—=) + (=) + (—=+—
n [ ((aX) (aY)) (aY aX)] (Y0)
_ kT Vp 21442 Ohnf /2
S, = ——)Ha" ™V \ig
"k (Th—Tc) oy )

& SMF ¢SFF SHT .Cowl (polS a0 1 Jo5 VYAV =T Ll g 009 (e yder coli KB 398 Lailg, o
S g D30 & peebliie (e o SWaol ol Jlal alaslsy 551 0 bl ol



\f'\obﬂqu‘ﬁjoo)w‘ﬁ)%5wkjb u‘f"&“&"ww&w O¥

9y tawgie ol sas 5 (YTA) abaly Geb ool U5 5551 & ol Jasl 51 (36 oy (9,5
L¥0] 598 oo dslns (V) alasl, 3l 55 A=0) 04a> p,5 o,lg0

(YY)
S
Be=2HT YA
S (YA)
1t k.., o0
Nu=— [-=mf (== dY Yq
H-([ K, (ax)x“’ Y

©ooe Jo gig, -Y-Y

Ol oliwe —V-Y-Y

Co o Sl 00l oolaiwl 0,95 0 Al o 0 alfais LJ;‘;.;‘L.,fl oo b peyde Al g, 5l ol 5 5o
aSs Lialyl 5l bz lawe sl 5L Syl g cdo oimlol ley SO b Joe 0 Cand by, 0!
pocoge 410 M JB> a9 asli Fadal, -l jo sl oads &l,1 (Ve alayl) jo a5 el ool ool D2Qo
adaly ;o a5 cool D2Qo aSits il T 5o &3 (o 98wy ;S e yan Ci ool ol pgitinge Hlo M g
sl 00 00ld i ¥ S 50 4K 55 ol il T PP el sais Lo (FY)

, (CHG AL A=A, (X,0)-M.S[ m(x,t)-m* (x,) |+¢;F(x,) Y')
C,=0,

1-1)n 1— ln
cu=Toos( =0 sin(= ), )

¢so =2 [(cos((' 2 ")sm(“ LIS

S S o Jiiie pyiiege sbib @ |, 8> muis b 1oy 4 el JED el M o(F2) abal, o
Dgdse Sl (FF) 5 (V) Ly, &0 4 a5 ol Gialol 5 (558 e ile



INA )‘LE“’L’°M"‘“J5"L§‘5)“"’|3U)|)”>JLO’”‘L5“’))"

11 1 1 1 1 1 1 1
-4 -1 -1 -1 -1 2 2 2 2
4 -2 -2 -2 21 1 1
o 1 0 -1 0 1 -1 -1 1
M={0 -2 0 2 0 1 -1 -1 1 (YY)
O 0 1 0 -11 -1 -1
0O 0 -2 0 2 1 -1 -1
o 1 -1 1 -10 0 0
0 0 0 0 0 1 -1 1 -1]
S=diag(1, 1.1,1,1.2,1, 1.2, l, l) (*Y)
L h

D20 o SLIT (Vo) alaly )0 05290 M™ oM (YQ) 5 (YY) alayl, .l T,=30H0.5 (598 alail) jo
m=Mf ¥

2 pu, pv, -pv, p(u’-v?), puv] (Y'0)

m*=[p, -2p+3p|u|’, p-3p|u

oS @355 @l 0sbse iyl (VF) alal) &jg0 4y 5 005 JS (o> Slog s Sk F (V) alal) o
dlne (FA) adasly 3ubo a5 sl (539 <l po of L¥Y] 048 o0 ailne (FY) alal;, S&S @ 30 JK>

Sy ge dmsloms (F) alaly Bl (b yz e 4 by o Sy sSasg Slo Sl i 0

2

Ha
F=-30{pyy — 23" V30] (Bp)yy 8(T-0.5) \ig

f o =oaif[1+3(ci.u)-g(u.u)+4.5(ci.u)2] (')

wg:yawh:}/aw;-sz%e Y'A)

P:ifi and Puzicifi R
i=0 i=0



AR ULML"DBOO)LQ.MJ&ﬁ)LijJL«J ulf‘;j,;lggwwi))w g

Lo liwe —¥-Y-¥
D2Qs oS Joo g iz ialol gloj b il aSes g 5l Lo lase o sl 0l o ailon
(V) U8 50 a8 go5 ol il T IYE] canl oads ail)] (F+) alal, ,o )] dlolas a5 cal o oolicul

Sl ooy a8l

h, (x+e, t+1)=h, (x,)-N".Z .[n (x.)-n*(x.1) | (f)

e,=0
0 (1)
e,=(1,0), e,=(0,1), e,=(-1,0), e,=(0,-1)
(1 1 1 1 1
01 0 -1 0
N=0 0 1 0 -1 tY)
-4 1 1 1 1
0 1 -1 1 -1
11
Z;=diag(1,—, —, 1.5, 1.5) (V)
T, T

20595 b ams o 1, (Fr) alaly 10 39290 N g N (FO) ¢ (FF) alasl, .ol T,=30+0.5 598 alal, o
B9 oo damlee (YY) o (FF) alayl) S a5 oy a5 oo (lae 45 bogy o Sy 9ug She DlaS 5 Jolas

D1y lattice arrangement D>Qs lattice arrangement
6 2 .
A . A
3 0—>1 3€ 0 >1
v
7 s 8 b §

IR Mu.c).w le.a:)b).g -y ‘JS-‘:)



NG )‘LE“’L’°M"‘“J5"L§‘5)“"’|3U)|)”>JLO’”‘L5“’))"

(30 bl ¥ -¥
s o Al (6l g y90 Sl 10 (595 Led g ey (6500 Ll 0905 Jow sl 0,5 AleS g, )
6l yito ) oolatnl b el o soliiu [#] o 1o dawgs s soliiul oo, 5l i sla 00 55, 52 Loo
Slowbre ploil gl oK jLae a5 Canl (S8 0¥ el (FA) alail) & j90 45 (65 0 Jasl s coms (900
)o Lﬁ’bo; Slass w).: aQ I2 9 r o> 9 w;..xs ‘5,1.4) J}‘)A n+1 9 n 54Ja{|) L)"‘ )Q w‘ (f'ﬂ) dJaJ‘) d"la

n=Nh (%)
uT  vT
n*=[T, —, —,-2T,0] £
oC," pC, o)
h® =" T[1+3(c,.u)] (%)
8
T:Zhi (fV)
i=0
U=V=0=0 (0 0,199

A =-90° — U=+1, V=0 and 6=sin(nX)
A=0—-U=0,V=-1

(o] . Slo o)|9.3‘.>
A=490" - U=-1, V=0 and 6=sin(nX)
- - Xn+l Xn
Error = = ‘:11 - <10* (F9)
Xn
i=1 j=1

el g 5 Lod gl e Sl % od abnl, 4o

(s 5 AR A5 3 o Sl -
50,5 bl boyam 0,5 0)les0 (59, Jawgio cdul sae ( bl aSlil 4 o Conlas iomiw jolaie 4
Sg o0 alaxde a5 jghailen .l ooy &S (Y) S )0 (g0g90e Ce s 9 (V) Jgo o )laf)...’l.’ sl il



\f'\owu‘fjoa)w‘ﬁ)%5wJu u‘f"&“&ww&w OA

Sges Jo YL B bg anie g &y 0 msmabio bl alue YY) Ve asts bl b lgs oo

6‘)‘ L [Y‘/\] &= l.: )AoL> )lS 0D J..Jy Lg’ﬁ)"‘j u‘].aub O o ol du...us; KNy P SUNIGRE V) jﬁjaA.A EY
abaize (9,0 (29,50] 0dg g Oyl D! asdllae cpl o el ool dunlie (F) IS5 0 V-0 LIy sae
by sl oo Al oS iy el o0 a8 )3 L o SSLbol 881 slee lgs a5 Jl> jo ] e
imen [T 5 Y] il onds aglie Vo T il sae sl 4 e a o b (F) Jgaz 10 oS 5 bl
anslio @) Jgax ;o [Fo] am o b yols 15 o Jlwsil 00,5 Joe (gl oy ativgs oS sloyl stul, sl
o)l oS o alisee Sloa LSS ilatas alaioe (49,0 onS 5 bl 6lp owyp onl ol o
ST il sloslers 28,5 Sipo ) ges b, a6l Liagd U el oS 5 Jlowsil (g5l
D) 18 )5 5 0 <l sles 5o (5l 5 YU S e sl

3OS Sy 3l Glgiee 5w oo lis 1) Jed BB sl ols 5 mls wed e ala>de oS jshilen
3,5 Jolo pliebl (5,8 (b 4 0ud gl

TMFA2 5 Ri=0.1 -0 . 9-0.06 (s, a5 cilisen slasl (T3] & p,5 ol (59, Lawgia ol sae =¥ Jguo

Sy oLyl Asxche YooxYee IV oxiYe YFox)Fe 15 ox1$e
Ha=0 YA YIYaA VIO Vid- VIOYs
Ha=20 BIAAF S50 SIYY) SIYPE $IYVS
Ha=40 DIYSA BIFOY DIOYF DIOYY OIOFY
Ha=60 FIVVE A A FIASY FIAVF FIAVS

1
08
100100
120x120
0.6 — — —— 140x140
i 160x160
o
0.4
0.2
|
| L L Il l | Il l L Il
E¥E -0.02 0.14 0.3 0.46

TMFA2 4 ¢=0.06 Ha=20 4=0 Ri=0.1 ;5 a5 caliee olasl (gljl 4 X=0.25 ;o 88l e oo =¥ S5



069 w3 B o 0l 9,5l g sl JE e

z=Li-0

3,50 9 Bl 9,51 g L (b, sl ,gulS g b jloges (Jglam CIB 5o sael Caws @ @l isu opl jo
Siloas 48,5 a5 0 VT g PV ol polie coui il S g Sl olael 0,5 o )3 ey p g oo
JLs agly 5 Sl3gl (gozmm 1S (e e S0 (obline lie Jlos] g5 cgm )l sae S
el 00 st)ﬁom.x,,lgs dsﬁTju)lyJLul‘ubFume 0 o

10
=5
q
S
=3
1 =
S
S
10
|
o
b
B
o

33

0,

—

\
)

b Sl 5l 36 5,51 5 &l JUst 5 36 98T lonn yiell ,slS anlie —F S
[vA] é?fogfbb L5 o

Oy, 83 g 05lg0 8 1 dilize Slox Sl 4 (S 5 by o Lwgie cdul sae awlic —F Jgus

VVIAS
ZIVY

fIYA

YAITA
YANA

ARIAIA

VV/o¥
ldld

AAN

Y.y
\V/ag

ARVARN

ARVANS
£Iva

FYa

YVIEY
YAIYO

AR

P

PP

Sldgilh oz S g 5alen; sue alitie polie sl 4 (oS 5 obulr o hwgie cdul sae alio O Jeus




AR UL..WU P9 o)Lo..f: ﬁb)l.ﬁ%jWJLw u‘)'.’.‘ &:_’li‘ JEINRTI :UJM..: s,

msbliie e Jlacl g5 5 sl 206 itk olio sl 4y Jlwsil sl 1y oz sk ) S
YU Cooms 4y g 00 S « S8 2alS L 0,5 04l930 & jglome 10 Jlawgil 098 co cddlie 000 oo oyl
Sgdiso 0y B oo h ST 0,05 (4550 1) 0 Sielus (glals )5 ey 0)lgr0 b 0555 0 5l ey g 00,5 S >
Dlaio 0,85 sl Coons a5 @ld T 35 10 ¢ cnbline loe ©ya8 20138l L TMFA2  TMFAL > o
O axly alo 8 ad alss @ e TMFA4 3 TMFAS O a0 4 cwnblise lae Jlesl 05 o
Lgkast (0 o1 o o]l 335 m i 05 0)l3 Cglona 55 3pS 0,08 b g icKsS laads 5

D oo §O90e 0)lms (o )
Aicdion « owabline Hlage Jlesl calizes glgl jo radla sae o138 L 0ad o 00y (F) Jgoz 4 axgi L

g Mbse P (Ol &8 plp 50 polie 6955 Hidd oy 1) bise 2ol Gl > byl jlade
S gz g pWLS B 5550 (6950 ) dolee Gl 1) 058 o0 Jlowgll Sy (0D 05 o
Jles! 35,5) sozx> (595 Jawgio 9l g0 Jlosl CB1iSy o8 (punbline Glowe a5 (2890S 0 Sl o)l
Ol C e Jlasl > jo b > GHad (o e 4 Canl 08 (S eSs Sl 4 s ouls
o7 S Sl L aS 850 o canlive (F) Jgazr 4 a4z g b crizmed el 950 4k 5| 508 cunbline

bee Gl ol bl jlade anin (Jlwsil

0=0.06 5 1=0 ‘Ri=L )3 urbliie lope Jlosl 53 5 yad o dos alies polis sll & b, sk —8 S50



7\ )|wbowﬂy@5ﬁ]3u)|)>JL&u‘w)f

Jloel 55 5 Jlowgil oz S cyod o sue Gilisee polie 15l & ([Won]) ol ok lode 4 —F Jouo
=0 5 RI=1 jo cewbline oo

¢o=0 ¢0=0.06

Ha=0 Ha=20 Ha=40 Ha=60 Ha=0 Ha=20 Ha=40 Ha=60

TMFA1L FARIA o[-0 of+Y) o[+\Y ZARR RN <[+ RN

TMFA2 FARIA </+¥4 o[+ OA <[ ¥Y </YY <AYY ARIN RRA

TMFA3 /o TN [ FA RN SIYY SNYF Y “[+VA

TMFA4  -1\\o /00 ofe¥q I YA “I¥YY IR o[ $0 o[ FA

Jbwsil sl bl o Jleasl £45 g (rod)lo dae alidee polas slil 4 1) Lo bghs (7) SO
5l s g 00l 5,5 0410 O gl o Les LolF ol oS o ped e dae o8l aes e Ll
dae Glpl b cwoblize lae Jleel glgl plo @ Cad TMFAL (gly 058 oo Coll Lo bglas sl
Olowe Jlogl a5 05 o cdlive yimed W5yS 0 18 0,5 oles Sljlee a4 iy (bghs (ad e
Sygle 4o oled LolS 9000 co baws balas ol Jol 4 e S 1giS il O jgo A cwndline
oS5 509 yiden 0gd oo Jlegl CeiSG Do A cwnbline laws a5 cel Jl> 5l i 605 0)le00
L azg bl cwblisan o coleSy e Jlel cdls o pis &)l Jasl 5olo ks byl
J5 55T 09 0 S 0,8 (45,0 S ol (5551 bshas glrgel 5l a5 955 oo csmline (V) S
&S b o el pwablise o 0925 5 &l il (SKlasl 4 by o o pdslicas 5l ot
Lghs o515 cnl & l> Jsl 51 2ol JS o9,50] mhew o piion el Lo s el Jao a3 la sue
Jlade g b, @ya8 elS o 4 el e sae il b .ogd oo sadlive p,5 0 lgs &gl 5o g,
bghs oS g 0 JS 09,50 balas 058 ced 00ud 0,5 050 & jglme o bglas o515 o)l Jla!
J5 2951 )0 6958 slo 95T 51 IS 5 s aslllae b ki ST %0 ke 05T e Lo 5 by
@l Jlow 4 D356 05580 0gdlay . ls &l Jasl 51 ab og,5T ) sdes g 45 95 o samlive
Slase Jlosl g5 ST A) S 09 o0 st 58 (95T O] @ 4 5 00,8 jbn | bglas zlrsel
Ol gumblise lasse Jlasl g9 g (red o sae alisee polie sl 4 () JK0 j0 awgie cdli sae
Gl S (gl g b oo S (e ) e iol38I L Jawgie Sl soe aS 598 co 00y el 00l cols
abliane o Jlasl g9 )31 a5 590 o0 0058 09day .0 1 0500 cwubline (lows Jlasl 51 g3 o dacgoo
Ol Jlosl ¥ U Y g5 Fe adjla sae )0 diged lgie 4 09l oo FOsede pedsle sae ioldl L

305 oo awgie Clul sae (6ao,0 YO 5 YA Y FF ialS cow ol 4 cunbline






7Y )‘L?“L°MA"J5"L§'5)""’|3U)|)”>JLM‘L§“’))"

0.3

U
A=0 g Ha=40 Ri=1 )5 owbliss flae Jlaol calizee glyil sl3l 4y 28l e s -A J&w

(awgnl boghs) 9=0.06 § (atwgy bglas) ¢=0

dde ol o 0,380 com> oS Jol38l i e sae polas seled o a5 aeo o lid (Vo) SO
2 9 00 (F)lm Calie uyd I o Sl e S IS s 09 e amgte cLul
099! (sl o yd AT 95l oo 0 (rizred D90 oo plal yigy Sl s 0)lgs 5l )l JUEST azes
o o, d0e alial Ly cl i e el sae U ol el jlade jo il Jlew 40,3430
G 3 (6t 3B ol Calan apd 09 S 5 5 e Cualad Ceam & by ab Jhlets
Al oo ol iyl sae ol L ST 09,8 (V) S 4 axgi Loyl S ol e ol Jlal
Pl e Gt O JET ) sl oo &)l Jal jlade falS ca ed)le sae a8l 1
S8y aline JS (9,51 J8) (Jlmgil oz S Gl b Ca aed 4 5 0500 U5 sadgi g95]
295! 4 Syl Jsl sl (B o (2950 e ) ilme &5 Gl dae el gt Sl due
ol ol o iales 4 (VY) IS j0 a5 o)ls IS 09,50 9 Lawgie el sae b alie (5,18, col JS
5 Ogdylzm olael alize polie il a1y IS ol (gg,51 5 Ledes (ol > bsbs (V) 5 (OF) JS
LaS aeo o ol (OVF) UKo b > bglas ams oo lid a0 +3+ 9 -0 Lled aygly 90,0 (ped)lo
2 a8 (J 30 0,5 o S 0ja> (4550 0 Kislusly glals 5 RIS0.L 0 w0l OS> Ly 4 g
D on S5l 0,5l O g0 4y el Cous ;0 S SHu8 L aygill glasls 37 Lol als )3 5 0dle Ri=10
Aoy N9 o0 Sl (SB98 Cuannd )0 Sz oS laals S ay Lol slaauls S o purbline plase Jlos! L

SRS NI L°°)‘9=’.° CS > L ‘):’.} ‘\"L’n.s” u..@lf O, omy Soe u‘*"‘)3| L uL’)—’ ‘b}h& )"'\'5'o

. r
dae ialidl b ‘RI=RG—eZ ally 3l 20 co ewd Gl 0> a8 b g Wb o ielS Jlewsil

3 5 ekl ool Sl g oad blote (b olule S 4 0l Jl an T gl
P 05l (59, Loded Lol (o515 998 oo o (gmdslomy S0 il 058 o0 aulS aolgps o5 >
2l Sl ade sl plas &5 whioe alS 6 SKedn job 4 Lden bolas bl 5 09d oS
7S 3l Gl a5 e malST gedlomy sae Gl b Sl g 5T bglas ST 5 Ll o)l bl

sl Lod (Lol 5 0150 8 o iy 03 65 51 30 5T Sl 00



VE) bl oo o,led pylez 5 Com Jlo

0=0.0 wp=0.02 m=0.04 " =0.06

L)
)

Ha=40 Ha=60

Olpl Sl (pwiige & 7Y
s TMFA1# TMFA2# TMFA3STMFA4

a=0 20

Ha=40 Ha=6
sae il polie ljl 4 Lawgie cduls sae -4 S
g A=0 (RI=1 o crbline (e Jlosl £55 9 (oiylo

I 5.271
I 5,338
P 5,445
I 5.571
I 4.352
— 4431
P 4.516
_ 4.631
) 3876
——— 4,001
I 4.187
I 3.7
s 3.763

0\ . 3,822
I 3.98
I 5.571
I 5.571
I 5.571
I 4.312
I 4.813
I 4.63
I 3.525
I 4.375
" 4187

Ha=0 Ha=20 Ha=

sae calizee polie gl o lawgie cduwl sae =Y S5O

TMFA3 3 1=0 Ri=1 ;5 &l 39 o yuS g (ol o

10=0.0 #2¢=0.02 = ¢=0.04 m=0.06

¢=0.06

10=0.0 up=0.02 = ¢=0.04 m=0.06

§§§ §§§§ v
8 N waa- a i
= T - 8233 gz8d 2838
§3° g z 8 ; g §9sg  Zddd
g §3° 33
- S $°
g =
< 8
I| °|
Ha=0 Ha=20 Ha=40 Ha=60 Ha=0 Ha=20 Ha=40 Ha=60

sas calisee polie ljl 4 JS comm> 9,01 =YY JSC%
TMFA3 4 3=0 RI=1 o &lysgls oz yuS 5 oo

oyed e dae dalise polie gl yls sae —VY Sl
TMFA3 52=0 Ri=1 ;5 & 3ail oz oS

09w,y vae 0 wabliae lage Jlesl a5 cul cpl o jls 0429 (VF) IS 0 a5 Jenl Sl 4SS
dicdon 30,0 VYl o elS o pnblion laas Jlesl aSol 5 ogdle 1y 5 .canl 5L jlas +/)
- on Lotas bslas 5 ali sy gl (slioel iy oy 8IS s 95 0m ol g e
el 05 o (pblise Glaee FTOT) JSO 50 Cill (0951 bolas 5 Ledes bolas 4y azgi | 0gl
9 Vb ;0 05 o)l ez g 0yl Al gLzl bl n b obulr Wl RIF10 &S - 0 155
T PE | 5d] | PPN VI VIRLIV KV PGV U [ ES N PR SO 1 E S 1 U S St R PR S SA PR
dae il Hleses SIOVO) S ol ails ool (6,185 51 wlgh cod cmmbline lawe Jlogl g 048 o
O9d,lony sl 4 05l o 000 aS jshailen oo oo lid |y am yeas sles el e Sue g gl
ol &S el Sl olid aS cal (Bl & jgo 0y dile o oo JuBg o0/

Dgdsa FpS Hgwdylou,y sae Ll b el

Ol (i



w3l b ead 0l 95T 5 Ol JUESH )

| | | .|=o.002

2 (p—0.06‘7»—-90 Ogd, oy sas g el e dae calize ol ol a




\f’\QMUspjoo)usﬁ)%BWJu u‘x‘&y&nww&w

|w™ | =0.046 - |¥;| = 0.003
7 .

|w™|=0.036 - [¥;*| =0.0015

U el s8] Lokt 5 Lovan bghas b > bshs—VF JS&
TMFA2 5 9=0.06 A=+90" ;3 "ym0)loms ) 306 5 pod Lo sas cilisen yolie (ol3l &y

TMFA2 5 ¢=0.06 A=0 ,5 ygms,lz, sae cilisee polie l5l 4 am (9 sles =10 &



14’ )‘LE“’L’°M"‘“J5"L§‘5)“"’|3U)|)”>JLO’”‘L5“’))"

0y blad dgly g ped o dus (ygws,lon ;) dae aliZe polie il a ]y lawgie cdul sae (V7)) Ss
ol Judo 4 e jle sae iolisl o ,a  blad asgly o gwo lou; sae polie coled [0 om0 oo oyl
Py hled sblgy plod ;o 048 oo Jawgin cdul sae als 4 jorie 0,8 (49,0 Jhawgil Cae yu
w10 woly 10 a4 5955 A 3yl 6 Ked EalS fawd by, sae iali8l b ceubline e Jles!
s gmd by dae Il s cwl Sl o awablsn flae Jleel - 5l iy el e sae Sl
Lugie cdol soe jlade (e uiored 090 o0 D Soum Gd oS 5l sBl olule Ol rals
WNgd oo p )5 (il whaw jlaS ala oo iz )3 5 358 oe 0aalin A=0 5 (ygus oy Sae G yeS 0
ombe S Sl g YU okaw 5l as leo e Lol .adl o slas] olouls onudy « S5 glos OS] olx| L
29551 (V) Jgaz 10w Slw jlade o Lo M b 09d sadlice oloul> &l 51 a6l s )ls
odls &yl 0,0 blad asgly g ped )la dae (yguo oy sae alize jlade il 4 Gloes dae g IS cox>
JEsl e 2ol b el &)l Jlasil 4y bgypo 6055 (29551 50wt (25 a5l o 4y
dae Ll Bl L 09 so eaalive Jgar b g, et bl oo (2L 55 IS oz 9,5 ] e o) >
sae Lial38l b ogd o cddlive rized b oo palS les dae g S ez 29,58] ok (a3l
oles 50 Lagas oMl .0,lo Lawgie cdsls sae a5 aline (6,L8, yloes sae ¢ JS 29,50 Jlade (g ,lu
V) UKo Gub 098 oo 0030 A=190° 4o oo 0gs 09,51 Hlake [ yieS (gl dae polie
Abee sl Syl colas oo gl oo (iuli8 0,360 coz pS iuli8I L dawgie il sae
2o gz Sl al o 1y e Sl e oy ae el b 1 ol 85 el S5 4 oY
29551 L8, 0ed oo e ) (g i &yl Sl Sl Colae co o il ol ade Sl
Ol3gl s S ol lojen STOVA) S 094 g0 0adline awgin cdl sae b gillas S o>
0 h s> dsgly a1 )0 a5 0ad o 0y Al oo lis Ol JS! Gl w1y oe> bled asgly g
2 15 Sl A=F00% @y gy po 51 0 it (Jg 098 o0 D)l JUSl Sguge 4y e 0,390 oy a8
e gl colas g s ol ols 18 5w olgs YL o 85 oless a0l Lo 4 Sl oyl
aS 55 JS e &9).’:.3] S)le gy 1y inn awgie Cdul sae 60,3450 jlinn ws o 0938l 5 ol

3,10 lawgie cdul sae b aslise Sl pass i)y wconl &l > ! ol ) JJLA

S 25 4 —F
~oetle o Ji 5 Joo (3 g aiile mlio 5l (6 5kems 0 SVl by 5SS slaanT 3 (ojluaie
5 Vb ool 4y oliws (lp Oyl JES Ol sl Sl Sl sy Sdg 2SIl mlio 5 )8
9 Lol JUSI Glime (g 5,10 s sy &)l Jal S s a8l g Sligas (5lecSzsS 4
rblie (lage jea> )0 IS5 aues i 05)0 Jlmsll oS5 abmlr 0ud ady g9
Oley b (pe ey aSil g 3l ool b (giluancd el oogy yol> )15 5l Ban (SeiSh e 5 CSleisS
5 DaQo &Sty ()l 51285 ©j00 (58 0l 4 (Glawlne aelipy G jleslinnl b 5 ailSain aolsl
5 oiS dunlio b ond aligh oS w0 .o eolawl L 5 b, loe 59,5 Jaw lp wud 5 4 DaQs



AR uLwL‘fjoo)Low‘ﬁ)LeijJL» ulﬂh_i._,lggwwLw I8

(rod )b 30 (gt oy dae ez aleite il wwl (L3 pee Sldlas b ol S bt oS
Ol JUl ol Slasie  gweblie plase Jlesl g5 5 00 (25 2 aly 2,396 oz S
il 2 b 4 0ad Jol> @l o yiege el 00 (g S05 (9955

Jhwsgil by g s G154 i bt (ylae 508 (ol38l s o dae polide aled o -)
O3yl 232 Gl L 3B () 4 05 go Laagio Clals sae g oy (5,0 435,5 ISS (2 2,08
S el A=190° a5 Sl ool o ralS ccolan Cow a4y olouls 5l L > ol Blese Jdo @
JGsl 5 bz 655l YL 5 Fr el )lo sue 5l S (59505 & g on oulie pugbliie Gl
D sad odolive &)l

O e Sl JES! e 5l ralS o 4 ceablise laae ©5a8 ol dacorsy  eled o Y
Sydse IS 519,51 Srals

A=0

mHa=() ®[[a=20 = Ha=40 ®Ha=60

o
5]
3
D
0.

I 7.455
ad I 6221
I 5.5T71
I 4.813
I 4375
I 4.263
I 4.661
I 3.992
P 3,915
I 3.811

’_‘_4862

1= Ri=1 Ri=10
2=-90° 2=+90°
mHa=0 =Ha=20 = Ha=40 mHa=60 ®EHa=0 ®=Ha=20 ®Ha=40 mHa=60
Q -
& o g
\n & ©
v 33
o =)
§ 83w S un
w588 8na- 8y | §
< & = &8 § 2 < = < Q= o n n
||| ¥ e a 523 $838
| | | | | | | | | i | Il
Ri=0.1 Ri=1 Ri=10 Ri=0.1 Ri=1 Ri=10

0i hlod sl 5 gyl ) d0s (el Sas ilide polie il 4y Lagie cLuli sus —VF S
TMFA2 5 ¢=0.06 ,



a w3 B ead adss (gl 5 Dl JUE g

dae )b, belas aiin Jlla e SlSeil ez S ioli8l o cwy 0 50 DY elad o -V
g 4l iol8l el le sae il b Sl3gh 09580 S oed oo JS ol 29,5 g dawgie b
Do odyd 4z o+ Jled aygly 9 Ve (gl das gl ST o i

A0 a4 by OV oo jo lawgin Cdul sac g 0,85 (9,0 a8 )5 IS b, Oy08 o iy -F
(5575 4 ool ) S o 5 ol KB 52 008 pannd 5 20y pmabliie ol Jlae! g5 -0
abliae o a5 Ko (Gl TMFAZ o by o )b )2 0,08 5 Jawgio cdul soe jlade o ion a5
Ol 598 (n5pS 5 oad Jlosl Jlwsil 0l 4 558 Lagie (6958 (i 958 50 Jles! S 5iS,
ol F3giin yed )b sae il b caublise lage Jlesl g 3G -

D9 oo 0adlive lawgie dul sae Ol b alie V> oles jo IS o (09,01 Ol s aig, -V
s 9 )0 U5 (19,581 30 1y et o2y oo JUa 5130 o0 (9,5] 4 s e LA el (]
ol 15 Sl ¢ gmbline Glose 5 Jlow SKlas! 5 6 09,50

oyi> hlad aysly 5 (ysmnlomy Sus (o3 )lo sae alises polie il 4 lom sas 5 JS ez 95T =Y Joua
TMFA2 4 ¢=0.06 ,o
S Be
A=-90° 2=0 A=+90° 2=-90° 2=0 A=+90°

Ha=0 Va/y-# ARIARR YAIANY -1A0Y </AY') -1AYY
Ha=20 YAOY VEIVOY V2IAYY </AFA A+ D </AAA
Ha=40 YY/a9) VO/OY IVARR <[AYY </YAY < [ADY
Ha=60 YYIEAN YO/ VYIOAY AN AN </AYY

Ha=0 VE/F1 0 VEIYE VY/ANY -Jav¥ SAVA LTS
Ha=20 VE/-20 VE/YaY VYAV -/a89 NERN -1304
Ha=40 VY/EY Y VYIYYF VAVYA AV LR -[A0A
Ha=60 VY OY VYRV ARE - /a8) LR 130V

Ha=0 \YIOYO \VOIYVE VYV -/a3y -/aA] NEEWN
Ha=20 VY/AAY VE/F VY/EYN -/a9¥ NEVNY .[aqv
Ha=40 \Y/0AY VYAV YO Y -/aay - [AAF -/a_Y

Ha=60 AIARAY AVARAS YY/SAD AR <[AAD <[44




VF- Ql;m.gl} 9 c)l.o..i‘: ‘ﬁ)LQ?,j*MJLN Q‘)—.’.‘ Sl AT QJ)MJ Y.

S Nu
20=0.0 =¢=0.02 = =0.04 m(=0.06 20=0.0 =p=0.02 =©=0.04 mp=0.06
o= S
3583 “ = 8
B -1 o 233
e 8835 s$§5§ HEe =
- [ i ameg
= v Q n ‘: _—a -t
| ‘ | | | | | I Il
| | | | | | |
Ri=0.1 Ri=1 Ri=10 Ri=0.1 Ri=1 Ri=10
5 Osmdylzn, d0e g sl sole ez S alitee polie gl 4 JS ez 09551 g dawgte cduli sae VY Sl

A=0 4 TMFA3 Ha=20

S N
50=00 ==0.02 =¢=0.04 m¢=0.06 20=0.0 =¢=0.02 ==0.04 m=0.06
mﬁi o &
- 60 "'R"-g ) _gg:
g§§% 327 § 283 388 E5-
- o= 2€Ga < ¥ = o ¥
A=-90° A=0 A=+90° =-90° »=0 =+90°

00> bled agl; g del> oole o> S Gl polie sl a I o> (5’5)""‘ 5 Lawgie cdwl sae —YA S
Ri=0.1 5 guubliae gloce CLe 5o

[1] Sheremet, M.A., and Pop, 1., "Mixed Convection in a Lid-driven Square Cavity Filled by a
Nanouid: Buongiorno Mathematical Model”, Applied Mathematics and Computation, Vol.
266, pp. 792-808, (2015).

[2] Rahmati, A.R., and Nemati, M., "Investigation of Magnetic Field Effect on Nanofluid
Mixed Convection Inside Lid-driven K-shaped Enclosure using Lattice Boltzmann
Method", Journal of Solid and Fluid Mechanics, Vol. 8, pp. 111-126, (2018).

[3] Alsabery, A.l., Tayebi, T., Kadhim, H.T., Ghalambaz, M., Hashim, 1., and Chamkha, A.J.,
"Impact of Two-phase Hybrid Nanofluid Approach on Mixed Convection Inside Wavy Lid-
driven Cavity Having Localized Solid Block", Journal of Advanced Research”, VVol. 30, pp. 63-
74, (2021).



Y )|wbowﬂy@5ﬁ]3u)|)>JL&u‘w)f

[4] Armaghani, T., Sadeghi, M.S., Rashad, A.M., Mansour, M.A., Chamkha, A.J., Dogonchi,
A.S., and Nabwey, H.A., "MHD Mixed Convection of Localized Heat Source/Sink in an Al,O3-
Cu/water Hybrid Nanofluid in L-shaped Cavity", Alexandria Engineering Journal, VVol. 60, pp.
2947-2962, (2021).

[5] Abderrahmane, A., Qasem, N.A., Younis, O., Marzouki, R., Mourad, A., Shah, N.A., and
Chung, J.D., "MHD Hybrid Nanofluid Mixed Convection Heat Transfer and Entropy
Generation in a 3-D Triangular Porous Cavity with Zigzag Wall and Rotating Cylinder",
Mathematics, Vol. 10, pp. 769, (2022).

[6] Elsaid, E.M., and Abdel-wahed, M.S., "MHD Mixed Convection Ferro Fe304/Cu-hybrid-
nanofluid Runs in a Vertical Channel”, Chinese Journal of Physics, Vol. 76, pp. 2369-282,
(2022).

[7] Abdelhafez, M.A., Awad, A.A., Nafe, M.A., and Eisa, D.A., "Flow of Mixed Convection
for Radiative and Magnetic Hybrid Nanofluid in a Porous Material with Joule Heating", Heat
Transfer, Vol. 51, pp. 2995-3017, (2022).

[8] Nemati, M., Sefid, M., Jahromi, B., and Jahangiri, R., "The Effect of Magnetic Field and
Nanoparticle Shape on Heat Transfer in an Inclined Cavity with Uniform Heat
Generation/Absorption™, Computational Methods in Engineering, Vol. 40, pp. 109-126, (2022).

[9] Toghraie, D., "Numerical Simulation on MHD Mixed Convection of Cu-water Nanofluid
in a Trapezoidal Lid-driven Cavity", International Journal of Applied Electromagnetics and
Mechanics, Vol. 62, pp. 683-710, (2020).

[10] Kefayati, G.R., "Magnetic Field Effect on Heat and Mass Transfer of Mixed Convection
of Shear-thinning Fluids in a Lid-driven Enclosure with Non-uniform Boundary Conditions",
Journal of the Taiwan Institute of Chemical Engineers, Vol. 51, pp. 20-33, (2015).

[11] Nemati, M., Sefid, M., and Mohamadzade, H., "The Effect of Wall Shape and Aspect Ratio
on Heat Transfer Non-Newtonian Power Law Fluid in the Presence of Magnetic Field", Iranian
Journal of Mechanical Engineering, Vol. 22, pp. 116-130, (2021).

[12] Guria, M., Das, S., Jana, R.N., and Ghosh, S.K., "Oscillatory Couette Flow in the Presence
of an Inclined Magnetic Field", Meccanica, Vol. 44, pp. 555-564, (2009).

[13] Nemati, M., Sani, H.M., Jahangiri, R., Sefid, M., Mohammad Sajadi, S., Baleanu, D., and
Ghaemi, F., "Convection Heat Transfer under the Effect of Uniform and Periodic Magnetic
Fields with Uniform Internal Heat Generation: A New Comprehensive Work to Develop the
Ability of the Multi Relaxation Time Lattice Boltzmann Method", Journal of Thermal Analysis
and Calorimetry, Vol. 147, pp. 7883-7897, (2022).

[14] Nemati, M., Mohamadzade, H., and Sefid, M., "Investigation the Effect of Direction of
Wall Movement on Mixed Convection in Porous Enclosure with Heat Absorption/Generation
and Magnetic Field", Fluid Mechanics and Aerodynamics Journal, Vol. 9, pp. 99-115, (2020).

[15] Bellout, S., and Bessaih, R., "Mixed Convection and Entropy Production of a Hybrid
Nanofluid in a Porous Cylindrical Enclosure with Rotating Top Wall*, Heat Transfer, Vol. 51,
pp. 3540-3561, (2022).



\f'\owu‘ﬁjoo)wsﬁ)%5WJL¢ u'f"&“&"ww&w Yy

[16] Parveen, R., and Mahapatra, T.R., "Heat and Mass Source Effect on MHD Double-
diffusive Mixed Convection and Entropy Generation in a Curved Enclosure Filled with
Nanofluid”, Nonlinear Analysis, Vol. 27, pp. 308-330, (2022).

[17] Aghaei, A., Khorasanizadeh, H., Sheikhzadeh, G., and Abbaszadeh, M., "Numerical Study
of Magnetic Field on Mixed Convection and Entropy Generation of Nanofluid in a Trapezoidal
Enclosure”, Journal of Magnetism and Magnetic Materials, VVol. 403, pp. 133-145, (2016).

[18] Hussain, S., Ahmed, S.E., and Saleem, F., "Impact of Periodic Magnetic Field on Entropy
Generation and Mixed Convection”, Journal of Thermophysics and Heat Transfer, VVol. 32, pp.
999-1012, (2018).

[19] Al-Chlaihawi, K.K., Alaydamee, H.H., Faisal, A.E., Al-Farhany, K., and Alomari, M.A.,
"Newtonian and Non-Newtonian Nanofluids with Entropy Generation in Conjugate Natural
Convection of Hybrid Nanofluid-porous Enclosures: A Review", Heat Transfer, Vol. 51, pp.
1725-1745, (2022).

[20] Patil, P.M., Doddagoudar, S.H., and Hiremath, P.S., "Convective Nanofluid Flow Over a
Vertical Cone with a Rough Surface"”, Heat Transfer, VVol. 51, pp. 126-141, (2022).

[21] Patil, P.M., and Kulkarni, M., "MHD Quadratic Mixed Convective Eyring-powell
Nanofluid Flow with Multiple Diffusions”, Chinese Journal of Physics, Vol. 77, pp. 393-410,
(2022).

[22] Hashim, 1., Alsabery, A.l., Sheremet, M.A., and Chamkha, A.J., "Numerical Investigation
of Natural Convection of Al,Osz-water Nanofluid in a Wavy Cavity with Conductive Inner
Block using Buongiorno’s Two-phase Model”, Advanced Powder Technology, Vol. 30, pp.
399-414, (2019).

[23] Biswas, N., Mondal, M.K., Manna, N.K., Mandal, D.K., and Chamkha, A..,
"Implementation of Partial Magnetic Fields to Magneto-thermal Convective Systems Operated
using Hybrid-nanoliquid and Porous Media", Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Science, Vol. 236, pp. 5687-5704,
(2022).

[24] Nemati, M., and Sefid, M., "Evaluation of Amount the Entropy Production Due to MHD
Hybrid Nanofluid Conjugate Heat Transfer with Heat Absorption/Generation™, Journal of Fluid
Mechanics and Aerodynamics, Vol. 10, pp. 141-168, (2022).

[25] Zhang, L., Bhatti, M.M., Michaelides, E.E., Marin, M., and Ellahi, R., "Hybrid Nanofluid
Flow Towards an Elastic Surface with Tantalum and Nickel Nanoparticles, under the Influence
of an Induced Magnetic Field", The European Physical Journal Special Topics, Vol. 231, pp.
521-533, (2022).

[26] Alawi, O.A., Kamar, H.M., Hussein, O.A., Mallah, A.R., Mohammed, H.A., Khiadani, M.,
Roomi, A.B., Kazi, S.N., and Yaseen, Z.M., "Effects of Binary Hybrid Nanofluid on Heat
Transfer and Fluid Flow in a Triangular-corrugated Channel: An Experimental and Numerical
Study”, Powder Technology, Vol. 395, pp. 267-279, (2022).

[27] Tayebi, T., and Chamkha, A.J., "Free Convection Enhancement in an Annulus between



YY )|wbowﬂy@5ﬁ]3u)|)>JL&u‘w)f

Horizontal Confocal Elliptical Cylinders using Hybrid Nanofluids™, Numerical Heat Transfer,
Part A: Applications, VVol. 70, pp. 1141-1156, (2016).

[28] Amine, B.M., Redouane, F., Mourad, L., Jamshed, W., Eid, M.R., and Al-Kouz, W.,
"Magnetohydrodynamics Natural Convection of a Triangular Cavity Involving Ag-MgO/water
Hybrid Nanofluid and Provided with Rotating Circular Barrier and a Quarter Circular Porous
Medium at Its Right-angled Corner", Arabian Journal for Science and Engineering, VVol. 46, pp.
12573-12597, (2021).

[29] Ashorynejad, H.R., Mohamad, A.A., and Sheikholeslami, M., "Magnetic Field Effects on
Natural Convection Flow of a Nanofluid in a Horizontal Cylindrical Annulus using Lattice
Boltzmann Method", International Journal of Thermal Sciences, VVol. 64, pp. 240-250, (2013).

[30] Qi, C., Li, C., Li, K., and Han, D., "Natural Convection of Nanofluids in Solar Energy
Collectors Based on a Two-phase Lattice Boltzmann Model”, VVol. 147, pp. 2417-2438, (2022).

[31] Nemati, M., and Sefid, M., "The Application of Multiple Relaxation Time Lattice
Boltzmann Method to Simulate the Newtonian and Non-Newtonian MHD Natural Convection
in Cavity with Lozenge Barrier”, Journal of Fluid Mechanics and Aerodynamics, Vol. 10, pp.
17-35, (2021).

[32] Nemati, M., Sefid, M., and Rahmati, A., "Analysis of the Effect of Periodic Magnetic
Field, Heat Absorption/Generation and Aspect Ratio of the Enclosure on Non-Newtonian
Natural Convection”, Journal of Heat and Mass Transfer Research, Vol. 8, pp. 187-203, (2021).

[33] Rahimi, A., Sepehr, M., Lariche, M.J., Mesbah, M., Kasaeipoor, A., and Malekshah, E.H.,
"Analysis of Natural Convection in Nanofluid-filled H-shaped Cavity by Entropy Generation
and Heatline Visualization using Lattice Boltzmann Method", Physica E: Low-dimensional
Systems and Nanostructures, Vol. 97, pp. 347-362, (2018).

[34] Cho, C.C., "Mixed Convection Heat Transfer and Entropy Generation of Cu-water
Nanofluid in Wavy-wall Lid-driven Cavity in Presence of Inclined Magnetic Field",
International Journal of Mechanical Sciences, Vol. 151, pp. 703-714, (2019).

[35] Sun, C., Zhang, Y., Farahani, S.D., Hu, C., Nemati, M., and Sajadi, S.M., "Analysis of
Power-law Natural Conjugate Heat Transfer under the Effect of Magnetic Field and Heat
Absorption/Production Based on the First and Second Laws of Thermodynamics for the
Entropy via Lattice Boltzmann Method", Engineering Analysis with Boundary Elements, Vol.
144, pp. 165-184, (2022).

[36] Sajjadi, H., Delouei, A.A., Izadi, M., and Mohebbi, R., "Investigation of MHD Natural
Convection in a Porous Media by Double MRT Lattice Boltzmann Method Utilizing MWCNT-
Fe304/water Hybrid Nanofluid", International Journal of Heat and Mass Transfer, Vol. 132,
pp. 1087-1104, (2019).

[37] Karki, P., Perumal, D.A., and Yadav, A.K., "Comparative Studies on Air, Water and
Nanofluids Based Rayleigh—Benard Natural Convection using Lattice Boltzmann Method:
CFD and Exergy Analysis", Journal of Thermal Analysis and Calorimetry, VVol. 147, pp. 1487-
1503, (2022).



VOV Ll cpgo o)led cpyloz 9 Comn Jlo Olpl SlSo (waige &y 5 Ve

[38] llis, G.G., Mobedi, M., and Sunden, B., "Effect of Aspect Ratio on Entropy Generation in
a Rectangular Cavity with Differentially Heated Vertical Walls", International
Communications in Heat and Mass Transfer, Vol. 35, pp. 696-703, (2008).

[39] Tiwari, R.K., and Das, M.K., "Heat Transfer Augmentation in a Two-sided Lid-driven
Differentially Heated Square Cavity Utilizing Nanofluids”, International Journal of Heat and
Mass Transfer, Vol. 50, pp. 2002-2018, (2007).

[40] Ali, I.R., Alsabery, A.l., Bakar, N.A., and Roslan, R., "Mixed Convection in a Double Lid-

driven Cavity Filled with Hybrid Nanofluid by using Finite Volume Method" Symmetry, Vol.
12(12), pp. 1977, (2020).

L BN PSS TEROWOY

ol laee o5l B
Oloes das Be

D2Qg Jow a8y aitan Cae C

b jlad o 0hg sle)S Cp

ol lad d

D2Qs5 Jow a8 aienS Ce e
B Sy

ol @iy &b f

ol S @iy el

Sl ol g

sl )3 sac Gr

Les @558 &b h

Lo Joles 595 abs hed

oy B¢ 5 Job H

ol das Ha

Sl Salas o o K

Sdwl vae Nu

Joly sae Pr

Oyl sae Ri

ol Syt 5] S

Lo T

u(u,v)

A Slg 5o Sy



w3l b ead 0l 95T 5 Ol JUESH )

o)‘%dg’}s}};’}&).w Vp

lgs ol

SOl Gy oy a
Sl bl o yo B
Ol3gl e S 0]
0o Jilod asqls A
Seelns a3l u
oSl colas oo o
o sled 0

&= p

)9 22 ®

b i)

S yau c

b Jbw f

pS h

=5 5 Jlwgil hnf

&MJJAMO)L@M |



A UL,..;L¢[=30¢)LM‘|A=)LQ,>5MJL¢ u‘f‘&&aww&w 72

Abstract

The purpose of this paper is to investigate the heat transfer and entropy generated due to mixed
convection of hybrid nanofluid inside the lid-driven semi-oval chamber. The magnetic field is
applied uniformly and non-uniformly. The simulation is performed by MRT-LBM and by
writing computer code in Fortran language. Effect of Richardson number (0.1, 1 and 10),
nanoparticles volume fraction (0-0.06), Hartmann number (0-60), inclination angle of the
chamber (-90, 0 and +90 degrees) and type of magnetic field applied (uniform and non-uniform)
on the flow formed in the chamber is evaluated. The results show that increasing the volume
fraction of nanoparticles increases the flow strength, average Nusselt number, total volumetric
entropy and Bejan number and most of the effect is observed for Richardson number 10 and
inclination angle +90°. In all cases, increasing the Hartmann number decreases maximum values
of streamlines and heat transfer, and this effect decreases with increasing Richardson number.
By applying a magnetic field non-uniformly, it can change the flow strength by more than 80%
and increase the heat transfer to 35%. Increasing the Hartmann number makes the effect of the
non-uniform magnetic field more obvious, and the heat transfer has the largest share in the total
volumetric entropy.



