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In this study, flow and heat transfer of some nano-fluids over a permeable surface with convective
boundary condition has been investigated. Four types of nano-fluids, i.e. Cu-water, Al,O5-water, TiO,-
water and Ag-water are considered for investigation. The governing partial differential equations
(PDEs) first transformed to ordinary differential equations (ODEs) using similarity solution method.
The obtained equations are then solved numerically by making use of Runge—Kutta—Fehlberg fourth—
fifth order’s (RKF45) method. The effects of nanoparticles type, volume fraction of nanoparticles, the
type of permeability and convective boundary condition in three cases, i.e. suction, injection and
impermeable surface, on the velocity and temperature variations as well as the local Nusselt number and
skin friction coefficient are examined. The results show that some of the above parameters have
different effects in suction and injection states. The effect of nanoparticle volume fraction on velocity
and temperature variations and then the local skin-friction coefficient and local Nusselt number are
noticeably larger than in injection rather than suction or impermeable surfaces. Generally, the increase
of volume fraction leads to enhancement of local skin friction as well as Nusselt number. In the cases of
suction and impermeable surfaces, the maximum friction coefficient was found with Ag-water as nano-
fluid while the maximum Nusselt number is observed with Cu-water nanofluid in suction.
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Fig. 3 Effect of volume fraction of Cu nanoparticles on velocity
profiles in the cases of (a) suction, (b) impermeable surface, and (c)
injection

(W) oYl O 8 6“;}-:55):1 2o~ 5&0)55su (o> ).‘..5 )...nb 3 J&w
S (@) 9 pdldst axan (0) (S

9 ol 17 095 1396 ,3T (e Sl (Swie

ORIl 4 e Jole cpl a8 03,8 oy Al Jlewgls ()l Calaa
Sl e blie o 0l salys amio sles Lol b g pdaw 5 oyl JLas!
b S50 @Y Calied () 5hp0 &Y U2 & gl 9, 5 Sl 32058
asle Glme Cdlo 3l s ()l0ke (ies 4SS50 50 ¢ ol aales 58l
abls anlgs o o1y 1Sk cdls WSe ol il
wesge olis Lo Sy sy 1) Jlwsll g5 53U T S
50 L 318 a0 M6 S wlie wgd oo canliv a5 jsbylea
e 0yl b Jlssil & S 55V glod alls DT woles gl
bl 5 a5 Solds (nl b 0 (o0 oualine 5 pdlek axio sl n U3,
5 S ol ;5 (rizmen a3 oo F, Led pnsd g 0)lns 3 555590
2 &ly 50 el 52l b gl sbes 95 2 Jlwsil g8 556 (s
<o aSopl 5l i ol pbolS 5 4o gl o gles A6 Sl
lanlie axtus Shdgl ez ;oS b Cou Wil o)dgl g b
Los i o ies b )0 ewl gadge ol ol 55 [35,33] lobigsl 5 5
520 SVlewgils 5l ey 080T Jlws 536 (6ljl @ (550 Y 5l (e 5o

0.8

f,=1,0,-1

Present work ——
Ishak [14] ]
»=0

=]
[SE
S
=)}
[*]

10
n

0 1 2 3 4 5 6 7
n

Fig. 2 Comparison of (a) velocity profiles and (b) temperature profiles

for different permeabilities with Ishak’s results [14]

b calsee slos pdudans ;o Led (0) § oo (&) (glo Judg p dulie 2 g
[14] Sl Gragh mbs

444


https://dorl.net/dor/20.1001.1.10275940.1396.17.9.51.7
https://mme.modares.ac.ir/article-15-12341-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-22 ]

[ DOR: 20.1001.1.10275940.1396.17.9.51.7 ]

Ul 9 S Suon alizeo sLaJLmwgil )9a8a )3 3339488 Ao S )la JUEE! 9 Yl e Y d/ YKo w3l
al 11 — 14
a el
0.81 0.8
s 0.6 0.6+
< —
< E
0.41 - f,=2 1,0, -05, -0.75
Ag-water 0.4
— — — Cu-water
ol 2 mmmes Water
-------- AI203-water 0.24
— — TiO2-water Present work (p = 0.)) ——
oy . : : : ; ! Ishak [14] (& = 0} —_——
0 I 2 3 4 5 O-I i T 1] 1 L} T L] 1
n 0 1 2 3 4 5 6 7 8
. n
ol Fig. 4 Effect of permeability on velocity profiles for Cu-water
c nanofluid compared with water experiencing no nanoparticles
5 oo~ Jlowsil sl o sladeds 2 5 i30Sl 3 4SS
b Jlw 2> b avslio
—_ weoge ol 1y bes Jidoy 59, sndydsd 5 bl 3L "8 JS!
= . ..
}: g dm e leo (i gLl mlidl b el attie a5 jsbyles
SB e aY o L LIS s eSSyl g5 aY culks
@ o Lol JEsl g5 Gl S el Gl &ls el o
oo s 18] SLayT agh slojloges duslie cpiman .cudls aalys
amio o slos (Kl (250 el (aal3dl b aS aad e oLis ol
; 5 JSa" camlie b 4SS ol Del g0 FS5, @S D3l cemm S 4
Cogy BB ey 4wl ol Q] 5 S el lage oS (N
o 1 fw=-) 0,10 oYU Jls Hloie s eyl a5 > jo cpcres il o
0.84 a5l Jb 50 cpl ol oo palS G346 jgam 4 ol (Lol S g ambe
5 gaw o b Jrals) @lydgl jeas cute 13U S slaies (o
06 el oanlie B (&) JUisl (il ass o
E
~ . .
0.4 o lawg SEol o po (o) -3-4
Er el b Cos 1) e latmg Siasl cuys polis 2 Jgox
s A3 se 5123 Lo, 593l g5 5 boo,3eil cazmr puS o5 iy s
S gy SEhaol oo polis 2 Jus
0- b Table 2 Values of the local skin friction coefficient
6 e =] Lites-of Lpagl - 0,8 -] fu
n 0.0356 0.0356 0.0356 0.0356 -1 0
0.1645 0.1645 0.1645 0.1645 -0.5
0.3321 0.3321 0.3321 0.3321 0
FFig. 5 Effect of the type of nanofluids on velocity profiles in the cases 0.5228 0.5228 0.5228 0.5228 0.5
of (a) suction, (b) impermeable surface and (c) injection. 0.7289 0.7289 0.7289 0.7289 1
(2) s () N3 o sl 53 sl 58 30 S S5O0 0.0100 0.0442 0.0465 00034 1 01
G0 (@) 9 p sk aio 0.2118 0.2142 0.2140 0.2093 0.5
0.5076 0.4362 0.4316 0.5294 0
e SShnl ot vete mY 150 T tas b seds o onalice 0.8529 0.6893 0.6792 09050 05
S e "“Z”ﬁ - o Jow oo b oghoe e 1.2284 0.9628 0.9467 1.3157 1
coli8l o ools lis 1o WREIPLY e b LR
SRS e O “{S“ 745 asbln o et 0.0054  0.0698 00745 00018 -1 02
amio w59, S (LSS 28 5 (5550 AY Cweles il s 0.2815 0.2866 0.2859 02751  -05
. P T . s : 0.7066 0.5642 0.5545 0.7482 0
T TSP 12057 08790 08584 13006 05
oS el Gl oS el (Jpo cnl 0g salys mha ) 1.7495 1.2187 1.1860 1.9227 1

445

9 o pleibs 17 095 1396 ,3T (I3 SHlle (S


https://dorl.net/dor/20.1001.1.10275940.1396.17.9.51.7
https://mme.modares.ac.ir/article-15-12341-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-22 ]

[ DOR: 20.1001.1.10275940.1396.17.9.51.7 ]

UHe 9 (SSho Suon alizeo sLaJLmwgil )9a8a )3 3339488 Ao S )la JUEE! 9 Yl e Y d/ YKo w3l
)l 0.251 = all
P Ag-water f=1,0=01,a=1
— — — Cu-water W, (7]
————— Water
020 \ vt A.1203vwater
\ — — TiO2-water ..
0.157
s =
; )
0.101
0.051
0_ T
0
n n
I
<06 - = 0.6 _
b \\\ ‘/u’ 0 b ‘f)‘V 0
IANAY
; ; 0.57
0.59 Water, TiO2-water,Al1203-water,
Cu-water,Ag-water
0.4 @ = 0, 0], 02
0.4
= & 0.3
~ Z o
o 03 N
0.2
0.2
0.19
0.1
Watcr, Ag-water, Cu-water, 0 . T -
TiO2-water,Al203-water 0 1 2 3
; i 3 : i
n C l -
T N — ¢
c N
\-: 0.8
0.8
0.6
0.6 =
= =
; 0.4
0.4
0.2
0.2 A
Water,Al203-water, \\
TiO2-water,Cu-water,Ag-water  \ \ 07
N N 0
0+ : . — = ;
0 2 4 6 8 10
Fig. 6 Effect of Cu nanoparticles volume fraction on temperature
n profiles in the cases of (a) suction, (b) impermeable surface and (c)

\Fig. 7 Effect of the type of nanofluids on temperature profiles in the
cases of (a) suction, (b) impermeable surface and (c) injection

amio (0) iSe () Y 4 Les (sla Lids sy 55y sl g5 5l 7 JS0b
O () 9 5 3Ldeas

Gl e Sl & By e Sl o s b Gl
(fw>-0.5) asl Sl Sied 5l 5V 0,5 —0T 5 e —0l sla byl

9 ol 17 095 1396 ,3T (e Sl (Swie

injection
eu.&n (@h oY 5o Lo ‘_thbJ,,és),; 2o~ 6L°°)'°5‘.LA‘ (o> S )""U 6 JS..'»
S0 (@) 9 uldeis dsis (0)

crd g chp G5 IRl et )0 9wl g9y S LIS Sl
i 5 iSe Slaclls oy rizen b daly (gliug SISl

e slaigy SWasl b D39l oz 8 (al3E L pdylideds

446


https://dorl.net/dor/20.1001.1.10275940.1396.17.9.51.7
https://mme.modares.ac.ir/article-15-12341-en.html

[ Downloaded from mme.modares.ac.ir on 2024-09-22 ]

[ DOR: 20.1001.1.10275940.1396.17.9.51.7 ]

VoD 9 5o Suo

alizeo sLaJLmwgil )9a8a )3 3339488 Ao S )la JUEE! 9 Yl e Y d/ YKo w3l

s bl Canlie 2815 b sy e Sl (D 2,5 Sl
8ol o5 ey ol 1 ogdle s 8 s dmy g slos 5 Jlow
s oo iy Sl JI e 5 o e Caleics o
4 axmio gl glos 4o WS (oo Joo Solide S 4 5 (D) 05
baSoo doo 1 cons @ ghaw ame gbo g oy o0 )5 b loo
S o s 358 e sanlive e el sue il iSe el i3l
Ely 5o wboe euud Gals (dowe cdul sae sl Gl b
Calin g s g5, Lo obolS b cow el sue (17) aka, b
Sl S aY (S el Gl L alple ik oo Jlwsil (>
anlgm cdul sae iolidl 1 ass a5 wb oo iali8l Lo Lol S g rals
.»59.3
olan ol bedls aan jo Ol)3gl ez S Gl ioen
solsz g )0 1) e cdul sae Gl ol & 4 s Jlwsl (Sl
a o cdul e e pdul 395 axans g ies slacdls o .zl
oS Cenl Iy ol el E¥lasslh s 51 VL o] sl (o]
o3Y sl Y ol Jlomsgil (sl ol o0 olee iS50 s 4o
0,08l 4y Lo (6,3VL ()l Culae o o 0585 0,35 4T il S5 4

B, o

S 5 4o -5
Sz ool JEsl s ol cpdded jull 56 ol adlas o
@ 2bmlr e b j5ax 10 niidsd amio Ko 6y, i Jlewgil
ol 485 13 ey g0 el o 5l eolaul Loy go0e O g0
Jbwsil g5 5 @lmlr 5500 Lo bl (ldgl (comm oS I 56
iz a5 sl 4 s 5 ol S35 Ak ¢ iSe e SVl 3
ol 5l el Cewsy oo @S Sl (S pep s pdided 2l
5hass,le Giegdy
o S Sl b RS amio 5 £Se slacdls s -1
S35 ey OIS 5 28l Ve (550 Y it ol
Cors y hp 5 G Ol e a5 b Gl glaw
Lpos o 5 0,8 ] Jlomsgil docdlo ol sl sl oo STkl
oo sy Sacl cors (nteS 5 nfvie o5 @
IREEX PP o
Sy 0bolS 5y Sz 8l Jlewsll S92y Gies Sl o -2
2Bl walgts w55, (S GRS A 50 s mhae (SeoF
3a) o)l oYL Jlade s gl a8 ey L wdl> )l
e —ol 5 oyim ] o bl gl 4 (Cand Sl e
s IS Sl s s gy s S g S )8,
il Jhwgl o8 iU cov a5l it glatws, Slasl
Byl 13 Ol3gl cemm S LSL Cou
Sl pdilidshi amio 5 (hed Sl 6l Jlwsil g5 530 -3
A s @ly o cl i S e wY p S
ot Sl o S 5 Ao o ey g sl < S
5o ik D3l sz S HSU Cod il Jlawsib g9 550
G 6o aY )l gend o Cdul sae g les iz je 1S ies Sl
51 oslial Lol ol 858 Vgl 51 iy ol Jlows 6 (s

Slnl gwgeime peid o (Su05 5 e sles 55, Jlw s

447

Present work (p = 0.) ——
Ishak [14] (¢ = 0) —_—

a=1

0.3+

e £,=21,0,-05 -l

8{n)

044

0.24

0 2o

0 2 4 6

oo
=
L]

Fig. 8 Effect of permeability on temperature profiles for Cu-water
nanofluid compared with water without nanoparticles
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