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Abstract

Entropy generation and Laminar Natural convection of Cu-water Nano fluid near density maximum of water (non-
Boussinesq approximation) in a two-dimensional horizontal concentric cylindrical annulus is investigated numerically.
The governing equations based on the non-Boussinesq homogenous model are solved on a non-uniform ring type mesh
using a pressure-based finite volume method. The calculation is performed for Ra=10° and nanoparticle volume fraction
from 0 to 0.08. Numerical results are presented in the terms of streamlines, isotherms, velocity vectors and local and
average Nusselt number. Aso contours of local entropy generation and average entropy generation are presented. It is
found that the density inversion and the presence of nanoparticles both play a significant role in the flow field structure
and heat transfer characteristics. It can be concluded that Boussinesq approximation gives rise to the higher average
heat transfer rate and entropy generation as compared to non-Boussinesq approximation. In addition, the average
Nusselt number decreases as the volume fraction of nanoparticle increases. Finally, the present numerical results verify
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the determining effect of the density inversion of water on the convection character because of the formation bi-cellular

structure.
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Fig. 6 Effects of dispersion of Cu nanoparticle on the
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fractions for non-Boussinesq approximation (6-a) and
Boussinesq approximation (6-b).
$| 43|5.2.w| 920‘51}.0.: LSL“J'.@S)‘L 9y e Ql)ésil.i ‘;A.‘J').;’ c-l,.?l 6 JS.&
9 (@-6)Sunis 397 o) Sl AT (512 9 o goma sloo ;0 (sl

(0-6) Sy 399
1
Foow
08 Ny
LN =0%
b R = =1%
U N e =%
go°r N, T =%
g | &
g |,
04 r 8
02 m
[ 3
EILl DI2 thl D.lB 018
r
Fig. 7-a
a-7 Jsi

e, I
S
o 9.

W@
02

J

>
1

Fig. 5-b
b-5 Jsi

Fig. 5 Effects of dispersion of Cu nanoparticle on Isoterms for
different Volume fractions; Solid line: ¢ = 0.0; Dash-Dot line:
¢ = 0.08 with non-Boussinesq(5-a) and Boussinesq

approximation (5-b)

o2 By ol Lood bghs 15 o Sl y3g3l (FuiSTy @15 Jsb
M)yubw)ub(éhub)q) =0083(}vy195.|a;>)¢ =0.0 clizeo
(b—5)M‘}9-] 5 (@-5)

ol Sl (Al Jlw lp Stjnol ol g )
555 ks J516 51 Jlom g LoyS end (505 Joho 5 ol
slael jo g 898 o0 Jae (A3l jaulew jlatis oo b L3l o Sueles
59,5 Joke (regd 00,5 coy alnild goyinS sloden bl
3 ey @bt Syl 13 S jaidkes (Soop e o Seluoly
Jlws O Joles (gt 5o ol YL 50 Loyl w0 p Jlns (Su03
oy 0j50 0 Cawload JSiS 0dig Vb o pe Jlew 5 (Joy €l
5 Siela paer 59,5 Jsbo Ky ngs s S5 5l oK
ol i b dgliie 4 4 weslosd S5 o1 gV 4 adly 55 50 b
@lod S « Sl coy 9929 bl FoansS Shijp
28,0 e e by gl 5l oed o oass B (goud (gunanlb
glo o ol 5l 8,5 85 sladshe ol b9l jga 50 a8
aS Col )39l com doye Gl 5l LU cosdly ) sl Lalls
Jhogll ey gatlgn Gall a0 g (651 ey JUl el
A @le 4 ldgl Gad 03938l a5 JB 5L 4 425 b ogdise
w5 o JLS 50 Gl e gl bk (e calas Ll
uﬂ.zl)sl ‘)i:_.: &_J)L.C L el u»L..} U" N ) ul)oyb Jpa> L
0=0, ;oL w5 Casl olped Lo)S 35a5 iol3dl L 5> colaa
9l o> gloos,s 5l eolatul L 0=90 o ey s 4 90, 180
P S A St o6y S cu i lp ik o3
Sinsls e USE ol 51 lens esls Lis 9 5 8 .7 6 lelss
Jedgp S polie «l)d gl o duoys Li0l581 b caslonn] nay
0 S5 58 e Slailgil Gailos G 4 g w0 SRRl s s
e o e sles 4y dtily (gaadls 3590 40 (ol ogdle LS
0dB et (g (sahatl Cosdae g0k LS OIS 9l ez woys
D)l (hie g Ste (55l slag s Sl Jobs baw


https://dor.isc.ac/dor/20.1001.1.20089813.1398.6.4.1.7
https://jeed.dezful.iau.ir/article-1-295-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2026-06-27 ]

[ DOR: 20.1001.1.20089813.1398.6.4.1.7 ]

Ol les 5 SIS

100

E 1 1 1 1
G 02 0.4 06 0.8 1

r
Fig. 9-b
b-9 Ui
Fig. 9 Effects of dispersion of Cu nanoparticle on the velocity
profiles at @ =90 for different Volume fractions for non-
Boussinesq Approximation (9-a) and Boussinesq
Approximation(9-b)
&ly 0790 ;0 oy s Judg g 5y o ©lydgili SaSly ol il 9 Ui
“D) S jg 5 (B Snidss92 U Sleemt 3 (51t 9 Alio oo Sloo o
b

Sire A Sulrs o (WlE s ples Sladdsn (nl 2 opdle

Sz 39200 B 3590 50 WSS g0 30l 1) Dl3gl jea> 0 )l
ax 51 0gd oo onus Dldgl 1o obule (u) sahss Blbl
Jbmgil (oo sabais L )3 (Jlwsil joa> 50 ()1 Sodi 2l
30 cdl sae Ol pess ool §=0.08 L Jlwsil 51 58 0 0=0.05 L
ol alire gozm> slaas,s loolaiwl b oy g 0,5 laolgs slacl
11510 Gledss o Sz Ob 5 Sty lem s lp )3
sas Sllwg Wgy lod « Sy oy o, O)50 ,0 Cawload ool ylis
Ol b aS 098 g 0000 8w g 05 slaolgs slacel jo e cdls
23 Sz oy, 4 b ielS Oldgl sexe oy
modeZy Wy depon 3 4 Sy g 05 Slaojlens (595 (e Sl
oo cldl sae Sglae )Ll ogls Sl oy sl Gl
SO g Lo banidls e e s 5l ases SO laie 4 Wles o0
84S 00 co 0amlice il 0y g (LS ;0 CCW gals 5 (6,5
Ol Gl b (doxe cdisl sae a0 150 g0 b o) (gabais
doyd Gl b aads cpl 5l e a5 Jb s canladly grals ol )3 g

Wb pialidl sae cpl o caz>

1
o8- $=0%
- \;\')\ -—a-- ¢=1%
[\ —mamem 4=5%
"_-’oe—\\\ s gt
E
I\
5 \'}
S04 5 R
= %@QM"—V/;&’\\
0.2;
1 | 22 1 1
00 0.2 0.4 06 08
T
Fig. 7-b
b-7 Jsi

Fig. 7 Effects of dispersion of Cu nanoparticle on the
temperature profiles at =90 of cylindrical for different VVolume
fractions for non-Boussinesq approximation (7-a) and
Boussinesq approximation (7-b).
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Fig. 8 Effects of dispersion of Cu nanoparticle on the

temperature profiles at 8 =180 of cylindrical for different

Volume fractions for non-Boussinesq approximation (8-a) and

Boussinesq approximation (8-b).
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Fig. 11 Effects of dispersion of Cu nanoparticle on the local Nusselt

distribution at for different Volume fractions for Boussinesq
approximation and hot (11-a) and cold (11-b)walls
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dependent density and nanoparticle volume fraction on average
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Fig. 10 Effects of dispersion of Cu nanoparticle on the local Nusselt
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Approximation and hot (10-a) and cold (10-b)walls
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