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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, magnetogasdynamics with outlet Knudsen of 0.2 is studied in a pressure-driven
Received 17 May 2016 microchannel. By using a developed code, the effects of changing magnetic fieldparameters including
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° \ power and length with implementation of slip velocity at the walls have been simulated numerically.
Auvailable Online 20 July 2016

The geometry is a two dimensional planar channel having a constant width throughout. The flow is
assumed to be laminar and steady in time.In order to analyze the variation of velocity, pressure, Lorentz

Eg{?f“c‘;rginzmann Method force and induction magnetic field, the governing equations for flow and magnetic fields have been
Microchannel solved simultaneously using the lattice Boltzmann. No assumption of being constant for parameters like
MGD Knudsen and volumetric forces is made. Another feature of this research is to improve the quantity of

Lorentz Force

Slip Velocity results, which is a major problem in this method and many studies have been done in this area. This

study presents the results which have more quantitative agreement with that of analytical relations by
using a second order accuracy for calculation of slip velocity and correction of pressure deviation curve
in comparison with the past studies if a proper relaxation time is determined. The simulation results
show a change in Fx profile to M if the length of external magnetic field length reduces to 40% of the
whole.Removing applied magnetic field from both ends of the channel will increase pressure gradient at
the intermediate part and displace the section at which the maximum pressure deviation occurs. Slip
velocity and centerline velocity behave differently for the reduced magnetic field length.

shoolaul jo o9 iz U oad cel il g 9,800 slowlbide jo ol dodo -1
(SgrSIl Slple (ol glio jo (Slfog 28l Se Sloptons 5l a5 e 15,50 o3l o (ola il ((SilSeg iUl Koo (St
gl o pi cnl 51 051 o8l Sezs U8 5 Jom s (Sin es glacalis wisie LS (Sl SO gl
)l Sz 5 Loy bz leoas S dadase daSs anng 1] cl Ll 05 0508 5 (sileSzsS o (SeilSes iS5 S

Please cite this article using: tawlod 03wl o3 @yl 5l dlis opl @ gla ) (5l
A. R. Rahmati, H. Khorasanizadeh, M. R. Arabyarmohammadi, Application of Lattice Boltzmann Method for Simulating MGD in a Microchannel under Magnetic Field Effects,
Modares Mechanical Engineering, Vol. 16, No. 7, pp. 229-240, 2016 (in Persian)



Ve 9 S ) L) Swaal

abliio Yldae puil oz JULT9 S0 <3 03 B Ol Giwdab sl (po jilgs dSiub gy 38

2 BB Sl @l 4 (05 Ol 4l 0 a5 Wl 389 SYolee
iy Cews (25 slylS L dnglie

25 Sl Coenl Pl eiler aSGS Ghgy 50 g kmlyd
ey SHIIBT phlen 5 (Joils o)l oobs 18U Laplyr Jo (ol Sen
Ol o wlad S o JLad 5 Ce s (550 alpd sl (Sl g 2l
S8 (ol 5 (Jold (i 90 4 5hp0 sloe)S 50 ms & (b,
Seond 5l gl aipe (Dlan b5y 00 Ut 9 (SOl d idu Nigdi o
507 Oy A Semd ) ool e Cessar sl 08 oyl
S0 ,95 51 90 A yo B0 5l g 009y (e (g0ue (5 Mk (slls [16] ), S
Sl [1T] Y0 5 ) Lawg gl ape JouSle (G253 (550 by ul
la JUlSg, S 50 dtwgy b 4 o3 58, slaplyr sjleand
99 iy £33 5l pdiaST slach > e 55 ey cnl - Saloads eslina]
ol 10585

Gilisre Sliios 5| Lol gl ol s [18] Sigsy olallas 3o
Ly, @l 5 albide 50 Lulypd 5l oslitul (58, 3 slogl> o
2 Fye chlize gl yially 5o el Gl gloj g ol e oy uate
Lkl cupd (59, allae 4 [19] s 5 SO wo)lpd (550 ail it
ol dae 5o Jlw b oojlgns Joall nSe oy sl (oubon poiiee
Sie Lulrd slp [20] (hgm 5 WIS nl sl ) szl 3g05xa
Loleed 30 (5530l Olsiee 5 dad o liad Gepilsr 4D () 5o
(ol 038 oz 90 A e B0l eolatnl b oS )8 pudal glaigSa
053] Sy (5275 5 (Sl @l b (senlie Lokl

1 b Seolizogay olys dallle gl [21] cppallyeal 5 ol
St Oz Sealusg e siSe ey S Sy 0 2S5 >
5 ol ALl SYslee 235 S @l eyl 4l (g, b Lesed o o ol
Slowloes ;o (L858 S 550 Lyl a5 a0 0L (53ludnd @l
[22] wxajls g oI35 e3> Cel 0392 il o515 by g oo 428 SIS,
b o g Son o 60 5des g (cwiin sla el )b DI Julos o
o3gaze 5 03,5 ooliiul (el d By 3l s (g3luareaS 9,50,
los S pasiie |y (g0 Shas 5 (cwiin slo el (sl ane

WSt gy b Soeling pueegiifes i8Il g Se So s sl
w5 Sl Wb Ples w5 cnl Jo 5o a5 S50 sl el ooyl
9 [23] 039 (plod (355 9 55Ny il S 28 s ndynST Jolt wigt
(omblise (lage dbos Glae b 0z lase p oS SYsle plojes >
sl bl Slalllae jo o)ls 5L 1) bags ajes &b 5 (oSl (e
latd S50y 15 398 ond ke 3)lge 5l (S plaS 52 (9SE

S slail,z Sln emblise Glas 975 e 55 (595 Slalllas
2000 Jlo 5l 9 o3t sladlo s s 9080 b e 02 @
Jad ol a8 )3 0ot (60,15 dix a8 5 &g Dladsd (godhe
bl e b o 5 glacl 5 Lewdly Saolis LIS 05
51 a8 sads oylo 24] oo, Sl 4 2012 Jlo ys o] o ialpg oS
Bl Jhow Slye 400 o5isy Slajl L eSnling joan st sla 53l 55
Jooae Sliaeas & Comd W) )G Syl Gl i by s sln
slp GBSl o9 Joay ax 510l wisles 25565 5 S
9 Slo aidlbioo dnngs al> e )3 59 Loyl 5 Gl Vb Les slaselgsss
5 Ol (omeblise Slon; b Lspaad 555 slagl > [25] alul>

7 o )lois16 095 1395 e (uide Suilfo wiise

SESS L bapies (0l 2] 255 0 Spgo (orwy oslitnl wiedon
) (SlSiag sl S axkad Loyl (lgin 9 Wodoo azle (315 9d
GdlSislejl v ;o (gralr anlllas 131 0,5 odgi diged S (Solo &
4 oS oud el Wigh e aSle oS g yiedls (Wlide 0 &5 S
3P [B] o5l oo Dladad ol cBlu g (s5lwJon 050 oo IS ¢ Jguol
Jbw s sl U9 S Jold sy Sn aiile Sl 0l
2 el 3 (pblie lae e S8 sallislesl s
laly ol 5 (bline slaglae Blgs oo ST alod S I S Jlns
SRS s [A] 355 a4l 5SS 55y 5 Sl feg S lide o )
Jolb &5 prbline Iy Son laptons 53 Lo, bl @,
5 ©bd jlulaz by eaies S pei laolads e Gley «(silubgle
355 [5] oiSed 5 Sl Lgs (6550 dallas 15 s o2 oimo JUis
vy 05 [6] les 5 axladl Wlad s 15 ow)p
s of Slaguy ;0 95k U il alidie 5l 1, (Sealsg joengiise
los 5 451 Woaays Sers Calts 50 5 SYlas 336 ehie Sad lite

Sl 3z O 31 gl «SzrsS Jlom lapioes ol 50 Olyz S,
ol Giledae clr crlplt fmigdise a2lse 1L Jsone (obiio o &8
Al B 50 b eog i sl 5 S se laghs, 4 b JilSs Ko 5o Sl
My ols rals 1) leanze o o5 colatwl iulejl 5l meS >l
95w e 5o lalojl lajfil cole Sl wbis o olagl>
dgai S [8] GllSen 5 Boad [7] sl 0l anie by JSise L
00,8 g aile 1) oslite by b Salindg aemgiiSe caayg e
Sl 35id o 5l s g il (S e axlad me ceeyg Ses (0l
35 SOL (550 9 9155V 038 oo osliiul Sy SN Jolons 25 >
L ol i)l o 9 oglel Gy S o 1y by 2SIl lave J5bo
b oSl slos g (20 STa g 00ls )13 anlllan 9590 Sguoms pn> (g,
568 [10] Gloga 5 plas o ailesjsl sy Ol (plys i (285 S0 L
rorg S S 5 Jlew Ol o i psSl 5l eslitul 5 alie g, L
olal 5 suebline Hlaee Gl 1 g ooges Julow 1) Soliyngaegiie
g ez g rodel Cadas @l Bl lod T gy |y (e
bie 288 U Gas (8L (g 039 JUI (550 5l Jitne

Olye a8 Cul 0)8 (e s b By, el 4SS g,
T SasSwgie e ;o Lol 2 Ses il lp Fige o, S
05 S 3 d97e slasShe 51 Su o Slimme oy z a1 b9, nl 2Bl e
S Cige it Siluteed (B9, & Sl Galpln 5 35l e 4SS
ol 5l by o), den (cply ogdle J[11] o)l (g xeS CHISin
03y slow lodwain lp g ools (g 1) (Josde S5 by B g STe
Oeds 4D gy s )5 @y 4l (59, 5590 asdllas 3l 0 )8
JUSl (Joss ¢ Jlawsll el sl ooy plowil [12] (9o 5 (2 Lawsgs
loas) (n oS p dlex 5 (oSl g (pmblite lagline 5 &)l >
el (ol 4l (g, sl (Slankes

3y 4B Dyge Sl (LS 50 [13] s 5 Sy
Sire Lulpl g anils Gejlsy aSel by, 4 Ledps 3 slapl g See
3501y S 2 cabee 5 Lo 5 il )T oo (sl 0nds (B yee Laly ) ilises
Sly F@8s ahal, o s L [14] o 5 Jilesls S5 (o) g o
50 90 aye Bl eolatwl bog ojlans jo Joli (550 bbb g sl

230



Ve 9 S ) L) Swaal

abliio Yldae puil s JULT9 S0 3 03 G Obra Silwdab sl (o jilgs aSiub gy 38

Implemented Magnetic Field
L iiiHLiHiiHipiMMMMMMMJ
—2| Pressure_in = 2.28 Pressure_out = 1.0
— [Slip Cond.] Kn_out =0.2

u_wall = No Slip (or) Slip Cond.
Fig. 1 Pressure-driven microchannel and implemented magnetic field at
the channel walls
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Table 1 Problem's inputs and variation of magnetic field parameters
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Fig. 2 Velocity Vectors in D2Q9 model
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