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Numerical simulation of FHD micro pump using magnetic field of permanent
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ARTICLE INFORMATION ABSTRACT

Nowadays, magnetic nanofluids have drawn a lot of attention toward themselves due to various
applications in different fields such as medicine and industry. In this paper, for the first time new
pumping method for magnetic nanofluids and ferro-fluids is presented. Moreover, magnetic nanofluid
flow inside a rectangular channel under the effect of nonuniform magnetic field of permanent magnet is
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investigated. Iron oxide nanoparticles which lie completely homogeneous inside the based fluid of water
are used. The governing equations obtained by adding the Kelvin body force term to the Navier-Stokes
equations, and the equations are discretized using finite volume method and PISO algorithm. In order to
study the effective parameters in the function of the FHD micro pump, a selected ranges of
nanoparticles size, volume fraction of nanoparticles, saturated magnetization, and the length and width
of the magnet are studied. The results demonstrate the increase in any of the mentioned parameters
leads to rise in velocity magnitude inside the channel. Change in the diameter of magnetic nanoparticles
has greatest effect on the velocity magnitude inside the channel. Furthermore, vertical magnet has better
performance than horizontal one in FHD micro pump.
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Fig. 1 Schematic picture of FHD Pump-(a) Horizontal magnet with
respect to x axis, (b) Vertical magnet with respect to x axis
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Fig. 2 Grid independency study- Horizontal magnet with respect
to x axis (a) average velocity, (b) velocity profile

U&L.o -l x )90 4y Cod uasl db.)omjfd,\;g s )" JM.O.«AI adlas 2 J&w

oy gy 0 sy

04 o louts 18 055 1397 45 (i Suile wise

Ao GuolS 6550 byd g )lid sl o g pattine jlake 650 by
wolsss dlas ;5 6wl wpfe )3 Z cyz o e Al ol o
S Bl nslS Gy JUS J3bs yo ol Jele e b cpoy sl

D4 aaled w3l glyoal CieS e cwnblise oo

05 e sl § A4S Sllas (S3A Slowts -3
FHD ooy aliee oy jsbate a0 1,500 CHt o L oS ol 57 50
3 g ( Siwgm Yol (gilwdinnnd gl il ool ools aswgs
sokaieds SVl 98 a5 e g, 3l el oad colall sguse > by,
bty (35 50 S| 93 a0 g s bl Glaes (olsg)e
St hgy 4 Sloy lap el ool oolaul 3985 sl (g lharnS
Gl S 5o :aS il ol o] Juds a5 Wiloads 4t g0 adye
Slobs, nslS S5y wskd ool 4 425 b oSl S¥olas slop s
b A5 e s | dpad luol,S 5 azbl e (VI s, S 4 ye
1) ol (5508 Lg)‘d.;.lg: Ghlo YL cds 092l Slb A e lo b,
S5 3 e 4 wad slagbslS 4 ey b ool Al ol
oolaiwl el g5_.....:l...,a L.......J R 6‘)10 as 99 A yo h}“j) ‘G..MJGLM ol
Pl o deo 5 )l o 9 Jioo 0 S 93 )08l ]
sae 8, Ko Dyge Hbes o] jo jLad fewly Aol > a5 > s
ole adlllae ozl sl a8 S s 0 0.5 am o Sy p8 L 2l jeS
8 e slagie 5l g eom CHIESE O)jgo 4 dwaie su AL
Jdods a8 ol ol C eSS a5l eolanwl o el oald solaiul
@S $9) e U (o Sz e aalllas 358 ) Al gonasd
3 s il cpl oy p sl el 485 &g 3l ol O 5 allie
el oals J> 25000 4 11000 4000 1000 250 (sl e oloss
o b s Jolas a5 alie b o 5l 5o ,s5 e asllhae
oz S Gl 0 a8 cal 4B S e wal JUIS 0 niSile sy
1oL sl 5 byoal 5l s el yoe 5 20 &l )35l ,d 0.02 o363k
e 6 e shee 15 alols 4o o] ambaws 55,0 a5 onds ooliiul yie s
ol e g el 4000 T elosl Saigs Guablie g ols 8 claise
St sliwly 5o Sy Sl (e 23U Rl Sz s 0550 Sl
sl 5l (6 o skee -2.5 alold 1o 5 JUIS 5| (gogee ahaie mhaw lp X
S5y 5 Cioe Olaad il s 4 -3 g -2 gla S el Sl
i slaws 5t 0 -3 5 0 -2 Gl JSs 5 JUIS dawg 5o e niSils
@oges 5 Bl byl sl |, JUS By 0 cepe hdsn s 2
Moges el Laseine JSE Gl e 5l a5 b s aies o iules
O Aol 5 dgub co ol L\..).a., 11000 e olass jo Ce s (1Sle
WJiwsil Glz do yo osliial Sy50 (30 by, (i liel sl
@l 5 [29] o )en 5 90 alKtylejl b b yol anlllas 5l fol> b
51 50 Jlwsil el olmle 4l b,z 50 ([30] ool) ol goas
g sas Oliess @mlo @l -4 IS jo ol ead anglie alaise
Ol 53 s 5 lBislesl mls (ol I8 6l (bl soe sy
B b ol 5 e b Sles Sl mls .ol sud ool

226


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.24.7
https://mme.modares.ac.ir/article-15-16342-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-12-22 ]

[ DOR: 20.1001.1.10275940.1397.18.4.24.7 ]

S9Lbgs 031) 5340 S0 9 Gl (S pbo

2313 By oo Ulsge Jowgs (FHD)Saolia 39, 3409 58 3039 5530 (5338 G w3

—0— Num. Current Work-
15 Buongiorno-Mod.
—&— Num. Current Work-homaog.

—8— Num. Sheikhzadeh et al.-
13 -
Buongiorno-Mod.

11
>
pd
9
7
5 2 2 2
2000 502000 1002000 1502000 2002000
Ra
(&
0.51
— Tizirtzilakis
0.1 - = = = Presented work
0.314
0.21 4
S
0.10 4
0.00
-0.10 4
-0.21 T T T T T T
-l 0 | 2 3 4 5 6
<
()

Fig. 4 The results of current numerical method in comparison with (a)
the experimental results of Ho et al [29] and numerical result of
Sheikhzadeh [30] for benchmark free canvection of nanofluid inside the
cavity, and (b) the results of Tizirtzilaskis [33] insaide anourismal.

OH)Sen g 9 ‘_,’_asli@u)"l el -Gl b awlis o ol goae g, mls 4 Ul
J=ls Jlwgils o\ﬂ ol 4l ales &y [30] o3ly Feds (go0e s g [29]
Oyl S5 Jlwgp bz sl [B3] GeSodlizings @bt —o 5 alaine

uli)> J.ab (oo )5.54> ® 6;[.35 L5l)b Go.i.u

ol ool 0L o] ol g sised o 500l 4000 gl Saieis
a7 IS o cdls g0 5 30 Glawse 51 L86 eals sl s s JiBs
Sls a5 S 5 aS jeb s 55 he duglie 5 ilond oudS ygal
51 s g0g0e byl Glowe 5 2ol sad sl s el et
lasly 50 sl oy 09 e i ol Jo g sl GBI (glpnl
E5050 il e 4z S50 sl Sl g5es Sbyoal sl JUIT se
5> JUST (81 jsme oo 5o Lyonl 90 e 5l 50 (sl 59y X adlge
31 BE kS (59508 e a5 093 o0 punlive Cawl 00 ) oD JS8
Bl slooel 5ol Lulys o JUS j5me sl 55 so508 sbyo2]
5 () Ly ool (oueblise place o8l & g550 ol o5 w2lon ;o

205 san $09ee 9 (B > 90 50 plae cpl GholS

227

0.12
01 |
Eo.o8
£
[}
2
20.06
[+]
&
5
Boos [
0.02
O L 1 1 L 1 1 1 1 1 1 1 L L 1
0 10000 .. 20000 30000
grid
()
0.0006
I eeeecaaas 250 2= mm——— 1000
- = = 4000 - = 11000
0.0005 \ — — 25000
[ ‘:::"’71.‘,\
[ s TR
— 0.0004 | NN
& C . .___ \\
= r . .
o [ i
2 00003 '
=5 r \
= :
= F 3
S 0.0002 | ! 4
i Y, s
F 7
0.0001 | /< /
’ - S
L /’I.,v"’.,
L #
0 0.05 0.1 0.15 0.2
velocity [m/s]
(<)

Fig. 3 Grid independency study- Vertical magnet with respect to x
axis, (a) average velocity, (b) velocity profile.
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