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angled external magnetic field on fluid flow characteristics, natural convection heat transfer and
entropy generation in a cavity-an enclosed space between a square and cylindrical channel-which is
filled with water-aluminum oxide nanofluid. To achieve this goal, first the governing equations of the
problem-conservation of mass, momentum and energy-are written in dimensionless form and then they
are solved numerically using the finite element-based control volume method. The effect of important
dimensionless parameters such as Rayleigh number, Hartmann number, magnetic field angle, amount
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Enclosure and shape of nanoparticles and aspect ratio on flow and temperature fields, average Nusselt number
Entropy generation and entropy generation number are investigated. The results show that when the Rayleigh number
Nanofluid increases from 103 to 105, the value of the average Nusselt number increases by 44.7% and the value of

the entropy generation number increases by about 5.4 times. For Rayleigh 105, when the Hartmann
https://doi.org/10.22077/ number increases from zero to 20, the average Nusselt number and entropy generation number
AEC.2023.6253.1019 decrease by 9.2% and 6%, respectively. In Hartmann 20, when the nanoparticle shape changes from a

spherical to a platelet, the average Nusselt number and the entropy generation number increase by
7.6% and 4.1%, respectively.
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1. Nanoencapsulated Phase Change Materials (NEPCMs)
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Fig. 1. Schematic of the considered problem.

du 4 v 0
ax 9y )
ou N ou 1 ap+ 62u+62u
Yax TV 9y Ppus0x Vnf\ x2 dy?
On B2
+M(vsin/1cos/1 — usin?2)
Pnf (Y)
6v+ v 1 6p+ 62v+62v
Yax TV 0y pusdy Vnf \ 9x2 dy?
2
onrBg . 2
+ (usinAcosA — vcos®A) + gBns (T — T,)
Pnf ()
aT + aT _ a%T + 0°T ¢
“ox Uay = g2 dy? (¥)

Jaargil ol dulome -Y-1
B 5 Ll S8 4 i) 58l (F) B (1) Jalgy 53 48 Jbew 956 ol
TN T 552 o deanlons (8) dlasly Jauwg’ Jlus 536 JE

Pny = pf(l — @) +ps¢ (0)

Jhw Bz i @ pg 5 pr ol 033 $36 Lops p Db dlasly 5o oS

U Srolipd sl ailics (posisosll deS) Lrl 53) 033 556 (8 5 (<)
Ogikan Juo bawgs 0 B> colid 9 [YA] oSy Jobe taws b
0313 0L3 (V) 3 (%) Stoalashy )5 s 4y 4 ifeud dcanlono Jol5 [1)] eolsS5

.

Hghes

\&4

Obyz ysee e Olgis 4 Galud Slo,S JlEn! ol iyl S ¢ g0y0 dlaize
el sde g () dde alidl b aS agad paseine 0T gl b, S L )
9 oahd e Gwlidl b 0T jlude a5 Sl 5 Wbis bl lawgio Olxw sde
[Y7] Ohes 5 sl 2023 Jlo 15 b Glsdl cSapsd b3 9l Hlude
e s dbime S 09y b g0 0Lz 9 b JWEDSH Jdo 4
$U T 393 6l Cual 0y dde Hlgz O U3 f)f rhw $g) 45wy
Oldeo Sl 5 Waged QLS (§F Jluw Olgie @ ) @i duS-OT Jlows
0Ly W¥slas Jo Sl LOT .63,8 (gwy e by JWDI E 2 |y gublias
s dS 5l olad ol TS W5ga3 ool Jguna ()l 58l 5 ) I
e b g s bLGI (b dde b qalip Gk Aadze 09y0 Jbw 0Ly
b eyl JWEDH £y 4 auid)S dandh LOT rieed .1 GugSae Cad (ala
b Gl daoy sl (il
Ol 31 gayp o ool 3l s caiadS Slauagh 4 4y b
g9 b @l Cyle JWSIH (dlhw 0Ly Goy 2 Jdagl) sulbliae
e S5 9 (200 bame S0 o ogmame QUad &S Conl dhaime o ps 39 AT
S9ds 4B a3 53 (Alp03) porieag)l eS0T (6 Jlws el (S1451 gl
[YAT 9 [YV] V] grbe 4 cd ol (gly Gaglss 9 gl el
Dl
Ol 0dds (83 gy b _pol> ol 53 ol ddS Hlai 5> duodia -

O

4y 415 55 auises)l dS-OT Jw 956 6 Il ol gy 5 =Y
08 00 (enlnly Ll 0353 (3 b 198 (ampe duw (al 534S Sl 5o ouds
632 QIAT M55 9 ol JEl by 03 956 S 9 Jlie Il ol
D9

Jil by 9y 2 ol A9l uablide Gliw I ol aagly 5o -
Olre 15 9Siie gzrlye )3 &S > )3 2982 (i QIAT Mg 9 Coyly>
ol 3l Ol Oy p Sl (s

Cod (55312 08 (3967 ddgs e 0T Cnd 4 G 693 O3B Judows -F
ol SN B9 pzrlye 4

39dzee Oldl by JAS @x> Gho) ol Jidgh 00 Sade J> g -0
29 od esliiul ade Gl iy 4 Cod el gy 4S cal ' (CVFEM)
TP Ay Gdde J> gy e 00 cnle ol ol by Slagiagh
Dgd g 031>

Sl ¥olan g dlue ol — ¥
ol 0 031 OLaS (V) S 0G93 ol 1o 1S de dusdids Sl
B85 |y dabe 3 9 0S5 ol S 4 (a9 9 Sllginl L
21 A Gl quablise Ole SO (o) GRS Sas 2 osdle a3
4id)S 414 )3 posire sl weS-OT Ul 956 ©E b . HIE s 1 0Ly S5
Dybs
Wil o 48,8 a5 55 Oludyd cllne (Sl SYslas zlsviwl Gy
)l
Sgdig p2yd (SIS BB Ak 5 abT cum 95 b 0Ly @
Dodis 528 Tes Ty pln i 09 Coli 3w g pS 0lges Slos @
iz ool s g S8 o LU Gly | Sadiipr cos® )l @
Do e cag) Mg o) leS 151 e
Sediz 028 )Mk Jls U o
9 4L b oy )3 93U K 9 )l 3 (206 Jluw 36 polys @
03 ol ooly e lwlg) I 45 g dblgs 0)3 ¢ olgs
Sy oolaiwl axidS Sl mes
4 G5l 9 CS> ojluil cpyz el SYslas o pylas Dludyd 4 dz g5 b
] el el (F) 6 (1) @¥lao y> cuilys

1. Control Volume based on the Finite Element Method (CVFEM)
2. Boussinesq approximation
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(b) (<)

Fig. 3 Streamline (left) and isotherms (Right) at Ra = 10° for (a) Kim et

al. [1] and (b) present work.
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Table 3. The values of average Nusselt number for different values of

Hartmann number at Ra = 10* and Ra = 10° when Pr = 0.733.

Pirmohammadi Present Difference

Ra Ha
etal. [2] study (%)
0 2.29 2.25 1.79
" 10 1.97 1.93 1.83
10 50 1.06 1.04 1.89
100 1.02 1.00 1.57
0 4.62 4.57 1.06
10° 25 3.51 3.47 1.14
100 1.37 1.35 1.75
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i=1

Enter the values of Ra, Ha, Pr, m, AR, ¢, ®;, 1

¥

Enter the values of rows and columns

(n = rows X columns) for mesh

y

Determine the properties of pure water and

nanoparticles bv Eas. (5)-(11)

2

Construction a triangular mesh for enclosure

L ]

Iteration=1

[ ]

Solve the vorticity, the stream function, and

energy equations (Eas. 14-16)

Iteration = Iteration+1

No Convergence

criterion?

Calculation of average Nusselt number and
entropy generation number, respectively,
using Eqgs. (21) and (31)

¥

Plot the results

(Streamlines and isotherms contours)

Fig. 2. The algorithm for solving of problem.

Al Jo Sl pasSI1LY S

Pr=0.715L/2R = 2.5 53 Nty | Wpyae| lie ¥ Joix
Table 2. The comparison of |W,,.,| and Nu,, at L/2R = 2.5 and
Pr=0.71.

|"pmax| Nuave
Ra=10* Ra=10° Ra=10* Ra=10°
Kim et al. [1] - - 3.41 5.1385
Moukalled and
1.02 8.38 3.33 5.08

Acharya [27]
Shu et al. [28] 0.970 8.10 3.24 4.86
Present study 0.989 8.05 3.21 4.867
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Fig. 7. The average Nusselt number and entropy generation number
versus Rayleigh number for Ha = 0 and Ha = 20.
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Fig. 9. The average Nusselt number and entropy generation number
versus Hartmann number for different values of nanoparticle.
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Fig. 12. The variations of average Nusselt number and entropy

generation number for different values of nanoparticle shape at Ha = 0

and Ha = 20.
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