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Fig. 3. Grid independency test: variation in the enclosure temperature
in the horizontal direction due to changing grids
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Fig. 8. The influence of magnetic field with the rate of £4.4x10* A/m” on
5% wt. nanofluid in y direction
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Fig. 6. The influence of magnetic field with the rate of £4.4x10* A/m” on
2% wt. nanofluid in y direction
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Fig. 7. The influence of magnetic field with the rate of £2.02x10° A/m?
on 2% wt. nanofluid in y direction
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Fig. 11. Variation of liquid fraction of pure fluid, 2% wt. and 5% wt.
nanofluid with time
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Fig. 12. The influence of magnetic field with the rate of £4.4x10* A/m*
on 2% wt. nanofluid in y direction
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Fig. 13. The influence of magnetic field with the rate of £2.02x10° A/m?
on 2% wt. nanofluid in y direction
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Fig. 15. The influence of magnetic field with the rate of £2.02x105 A/m?
on 5% wt. nanofluid in y direction
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Fig. 14. The influence of magnetic field with the rate of £4.4x10* A/m?
on 5% wt. nanofluid in y direction
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Fig. 16. Isothermal lines (right) and streamlines (left) at t=10 min for solidification process: a) streamlines and isothermal lines for 2% wt. nanofluid
b) streamlines and isothermal lines for 5% wt. nanofluid

Y oo S Lol bod bglas o 4L o bolas (<) C9d Alyd gl @:\OOB)’)b(%) ol b,]a&g(w‘)) Culi bod bglad 137 IS
07 ooz S b Culi lod bghad 5 (b > bohs ()

e s
Al A
Spedaobct 4,
opyusls  C,
diie Joe D
(meboliza 03 b d)
Sy (uabline (e LS G
(gﬁ[ATHW(,uf/pf)z) @sl,S dae Gr
sl lize lie Cons H
wlbS colia k
oeHp el K
daie Jb L
Spd publiae M
cswablize oo m,
Clwg das Nu
L P
S bae Pe
R

"

& 35 ot -V

2 et ambliae slaglue U oone adlas cpl o
a3 plosl ol st @l 5 O Jlws 9ib (sl slessl 5 09> saan] 3
OIM. Slessl 4] )b )3 cuiyp & O 9 Vo oo slapuS b il )dgib
VINY. 5 Y187, g a5 g lessi] loj ials conge VF/YY
35 omblite olase Jleel on  ogdle 0 g3 e p Gl sl
clalie Jlael b o sl g wgd bl b 4 sy ce o el
9 3Leosl dger JSB 5 (Sl 0kigd ublise Jluwgl 4 (puiblise
JUsl s 4085 ©jpe gloj Gl (g g (il caa > o9
b usblie gle Jlosl 136 (o350 laojlins )b 5l @)l
Wb oy p Y e Ca ) (e g Cute Sl bdl)S

A Jlosl (gyed anl 4 b wibliie Glae o (ol 4 a2 L
@ ok Car opd wld o de g olesl a0l 8 5 4ol ol o g
OLIS L pablise (e 18 93 2 5 ol dlioe ol Cuam
Al a1 slesul 5 Lgd sladnl B 0 sy (]38l Coge e
5 G=Yx\ -2 A/m* s b ublise s 1) 5 o i sl
e A e 55 09D il B 15 9 VNI i 43 07, oz S
Cudls PCM. &y Canad VVYAZ jlade 4 oz puuS ol b



[4] EM. Alawadhi, A solidification process with free
convection of water in an elliptical enclosure, Energy
Conversion and Management, 50(2) (2009) 360-364.

[5]J.M. Khodadadi, L. Fan, H. Babaei, Thermal
conductivity enhancement of nanostructure-based
colloidal suspensions utilized as phase change materials
for thermal energy storage: A review, Renewable and
Sustainable Energy Reviews, 24 (2013) 418-444.

[6] JM. Khodadadi, S.F. Hosseinizadeh, Nanoparticle-
enhanced phase change materials (NEPCM) with
great potential for improved thermal energy storage,
International Communications in Heat and Mass

Transfer, 34(5) (2007) 534-543.

[71 S.Y. Wu, H. Wang, S. Xiao, D.S. Zhu, An investigation
of melting/freezing characteristics of nanoparticle-
enhanced phase change materials, Journal of Thermal
Analysis and Calorimetry, 110(3) (2012) 1127-1131.

[8] R.L. Hamilton, O.K. Crosser, Thermal Conductivity of
Heterogeneous Two-Component Systems, Industrial &
Engineering Chemistry Fundamentals, 1(3) (1962) 187-
191.

[9] M. Faraji, H. El Qarnia, Numerical study of melting in an
enclosure with discrete protruding heat sources, Applied
Mathematical Modelling, 34(5) (2010) 1258-1275.

[10] S. Kashani, A.A. Ranjbar, M. Abdollahzadeh, S. Sebti,
Solidification of nano-enhanced phase change material
(NEPCM) in a wavy cavity, Heat and Mass Transfer,
48(7) (2012) 1155-1166.

[11] S.F. Hosseinizadeh, A.A.R. Darzi, F.L. Tan, Numerical
investigations of unconstrained melting of nano-
enhanced phase change material (NEPCM) inside a
spherical container, International Journal of Thermal
Sciences, 51 (2012) 77-83.

[12]Y. Zeng, L.-W. Fan, Y.-Q. Xiao, Z.-T. Yu, K.-F. Cen, An
experimental investigation of melting of nanoparticle-
enhanced phase change materials (NePCMs) in a bottom-

heated vertical cylindrical cavity, International Journal
of Heat and Mass Transfer, 66 (2013) 111-117.

[13] M.H. Djavareshkian, A. Karimi, Numerical simulation
of water solidification in pipes, Journal of Aerospace
2(3) (2006) 31-40 (in Persian).

[14] EM. Alawadhi, Phase change process with free
convection in a circular enclosure: numerical simulations,
Computers & Fluids, 33(10) (2004) 1335-1348.

[15] S.A. Fomin, A.V. Wilchinsky, T.S. Saitoh, Close-
Contact Melting Inside an Elliptical Cylinder, Journal of
Solar Energy Engineering, 122(4) (2000) 192-195.

[16] YM.F. El Hasadi, J.M. Khodadadi,
Simulation of the Effect of the Size of Suspensions on the

Numerical

Y

Jbss i by s S
') T
Sy 0)lg9d (glod T,
f’)f o)‘%o L5Lo> TH

u9‘> ‘-51"') Liquidus

'>L°>U] ‘-S‘A') TSo/[du.\'
QLA)' t
Bl jgme Sz ) Ly u
2908 )97 R )2 e v
D o jo a8l jeore X
0 olKiwd jd (edges Hoe y

Uy Cadle
o> S ¢
Sl blsl  f
SV gl &
S udolie 2l 355 g,
Swelod ce ) u
Sy
o)I%J u;.u).s u».».i T
o mle S y
OwP )

al Jbo f
Csmablize ) p
Jlwsil nf

S 4l mush

&bo

[11 X.-Q. Wang, C. Yap, A.S. Mujumdar, A parametric
study of phase change material (PCM)-based heat sinks,
International Journal of Thermal Sciences, 47(8) (2008)
1055-1068.

[2] L. Jian-you, Numerical and experimental investigation
for heat transfer in triplex concentric tube with phase
change material for thermal energy storage, Solar Energy,
82(11) (2008) 977-985.

[3] A. Elgafy, K. Lafdi, Effect of carbon nanofiber additives
on thermal behavior of phase change materials, Carbon,
43(15) (2005) 3067-3074.



WEY B AVDY docio YAV Jlo & oyl D+ 093 ¢ pueS pwol CSilSlo wnbies &y yui

Thermomagnetic natural convection of thermo-sensitive
magnetic fluids in cubic cavity with heat generating
object inside, Journal of Magnetism and Magnetic
Materials, 322(6) (2010) 698-704.

[20] H.C. Brinkman, The Viscosity of Concentrated
Suspensions and Solutions, The Journal of Chemical
Physics, 20(4) (1952) 571-571.

[211Y. Feng, H. Li, L. Li, L. Bu, T. Wang, Numerical
investigation on the melting of nanoparticle-enhanced
phase change materials (NEPCM) in a bottom-heated
rectangular cavity using lattice Boltzmann method,

International Journal of Heat and Mass Transfer, 81
(2015) 415-425.

Solidification Process of Nanoparticle-Enhanced Phase
Change Materials, Journal of Heat Transfer, 135(5)
(2013) 052901-052901-052911.

[17] M. Mohammadpourfard, Numerical study the effects
of magnetic fields on the nano-magnetic non-Newtonian
fluid with the electrical conductivity in a vertical channel,
Modares Mechanical Engineering 15(11) (2015) 379-
389 (in Persian).

[18] D. Zablotsky, A. Mezulis, E. Blums, Surface cooling
based on the thermomagnetic convection: Numerical
simulation and experiment, International Journal of
Heat and Mass Transfer, 52(23) (2009) 5302-5308.

[19] H. Yamaguchi, X.-R. Zhang, X.-D. Niu, K. Yoshikawa,

Please cite this article using:

M. Mohammadpourfard and M. Rostami Dibavar, Numerical Investigation of Non-Uniform Magnetic Fields Effects on

Heat Transfer and Development of Melting- Solidification Processes in an Enclosure, Amirkabir J. Mech. Eng., 50(6)

(2018) 1251-1264.
DOI: 10.22060/mej.2017.12709.5405

S ool 5 el dlie cpl 4y gl )l ol

Y






