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Table 1 ~Comparison between the linear regression coefficients for the study of Nield and Kuznetsov!?*

and the present study (the case of Newtonian fluid n = 1 for the reduced Nusselt number.

Here C,, C, and C, are the coefficients in the linear regression estimate

Nu, ./Ral? = 0.444 + C,Nr + C,Nb + C,Nt, applicable for Nr, Nb, Nt each in [0, 0.5])
Lo Nield and Kuznetsov'?’] present study
C, c, c, C, c, c,
1 -0.309 -0.060 -0.166 -0.309 46 -0.059 80 -0.165 95
2 -0.230 -0.129 -0.162 -0.230 41 -0.128 91 -0.162 28
5 -0.148 -0.209 -0.152 -0.148 48 -0.208 80 -0.151 90
10 -0.111 -0.245 -0.150 -0.111 08 -0.244 56 -0. 149 80
20 -0.086 -0.268 -0. 149 -0.085 71 -0.268 32 -0.149 03
50 -0.064 -0.288 -0. 149 -0.063 86 -0.288 30 -0. 148 67
100 -0.053 -0.298 -0.148 -0.053 06 -0.297 95 -0. 148 56
200 -0.045 -0.304 -0.148 -0.045 59 -0.304 42 -0.148 51
500 -0.039 -0.310 -0.148 -0.038 31 -0.311 63 -0.148 51
1 000 -0.036 -0.313 -0.148 -0.036 67 -0.313 46 -0. 147 80
Fz2 PUNF n {ER], B4k Nusselt £ Nu, BIZEMERIA RS C, ,C,,C,
Table 2 The linear regression coefficients C,, C, and C, for the reduced
Nusselt number for different values of n
n =02 n=05 n=08
Le C c, c, c c, c, c c, c,
1 -0.472 64 -0.26970 -0.27286 —0.41897 -0.14033 -0.19558 -0.32296 -0.10120 -0.164 46
2 -0.46622 -0.27561 -0.27181 -0.37166 -0.16799 -0.20198 -0.26590 -0.146 14 -0.169 09
5 -0.44924 -0.28167 -0.26606 —0.29009 -0.22099 -0.19842 -0.18827 -0.21215 -0.164 78
10 -0.41263 -0.29105 -0.26302 -0.23679 -0.25638 -0.19361 -0.14621 -0.24779 -0.162 02
20 -0.36753 -0.30645 -0.25856 —0.196 18 -0.28195 -0.19056 -0.101 90 -0.268 91 -0.154 29
50  -0.31329 -0.32647 -0.25300 -0.15860 -0.30475 -0.18807 -0.07722 -0.289 11 -0.153 88
100 -0.28026 -0.33858 -0.25023 -0.13916 -0.31603 -0.18708 —0.064 68 -0.299 04 -0.153 69
200  -0.25435 -0.34788 -0.24849 -0.12525 -0.32379 -0.18653 —0.05577 -0.30591 -0.153 60
500  -0.22930 -0.35660 -0.24727 -0.11204 -0.33121 -0.18644 —0.047 87 -0.31190 -0.153 52
1000 -0.21587 -0.36124 -0.24680 —0.10628 -0.33479 -0.18592 -0.044 06 -0.314 58 -0.153 49

Nield Fll Kuznetsv #f—2E7ESCHR[ 25 ], X ALY Nusselt £, 75 21 &7 50 264 Z2 5 [B] 13 3
£ Nu, ., DEFIETIF S Brown 12 31 280 HIKSEH2m , Hd Le = 10, % X[H][0. 1,
0.2,0.3,0.4,0.5] #1125 4 Nr,Nb, Nt FBUE , 7158 Nu, = Nu/Ra! {8, 5E A5 R B L 1114,
X LBLE M [ PEAG AT LS R
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Nu,. =0.444 — 0.412 63Nr — 0.291 05Nb - 0.263 02Nt, n=0.2H,
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Nuresl
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Fig. 1 Effects of n on the dimensionless stream Fig.2 Effects of n on the temperature distribution
function distribution atn = 0.2,0.5,0.8,1.0 atn = 0.2,0.5,0.8,1.0 where
where Le = 10, Nr = Nb = Nt = 0.5 Le = 10, Nr = Nb = Nt = 0.5
1.0
i
0.8-%
t
H
0.64%
b
! ol b n=0.2,05,0.8,1.0
MR n=0.2,0.5,0.8,1.0
%
0.2 %
‘\\l.
0 s : ; <5 r
0 2 4 p 6 8 10 6 8 10
B3 Le =10, Nr = Nb = Nt = 0.5 0, n X B4 Le =10, Nr = Nb = Nt = 0.5 0, n X
YASURL AR 15 T 734 R R )
Fig.3 Effects of n on the nanoparticles volume Fig.4 Effects of n on the velocity profiles at
fraction distribution atn = 0.2,0.5,0.8,1.0 n =0.2,0.5,0.8,1.0 where
where Le = 10, Nr = Nb = Nt = 0.5

Le =10, Nr = Nb = Nt = 0.5

Fl 4 TELEMNSET, WoR T n X8 A6 5200 AR FERE S n Y3 K mBE K, &S
7N T YK UR AR FR A B Le B84k 24 n( = 0. 2,0. 8) FHIEINT, Le BN KARFR AR B 5200 ;

IR ARNRBUR FREAE Le 1 n BORE KT/ I SRITTHA TN 6 7 51, JC 5 40 ) 1 POl RS S50
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Fig.5 Effects of Le on the nanoparticles volume Fig.6 Effects of n and Le on the reduced Nusslet
fraction distribution forn = 0.2,0. 8 where number distribution Nu, = Nu/Ral
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Boundary-Layer Non-Newtonian Flow Over a
Vertical Plate in a Porous Medium
Saturated With a Nanofluid

F.M. Hady', F.S.Ibrahim', S.M. Abdel-Gaied>, M. R. Eid’
(1. Department of Mathematics, Faculty of Science,
Assiut University, Assiut 71516, Eqypt;
2. Department of Science and Mathematics, Faculty of Education,

Asstut University, New Valley 72111, Eqgypt)

Abstract: The free convective heat transfer to the power-law non-Newtonian from a vertical
plate in a porous medium saturated with nanofluid under laminar conditions was investigated. It
was considered that the non-Newtonian nanofluid obeys the mathematical model of power-law.
The model used for the nanofluid incorporates the effects of Brownian motion and thermo-
phoresis. The partial differential system governing the problem was transformed into an ordina-
ry system via a usual similarity transformation. The numerical solutions of the resulting ordinary
system were obtained. These solutions depend on the power-law index n, Lewis number Le,
buoyancy-ratio number N», Brownian motion number Nb and thermophoresis number Nt. For
various values of n and Le, the effect of the influence parameters on the fluid behavior as well

as the reduced Nusselt number was presented and discussed.

Key words: non-Newtonian; free convection; nanofluid; porous media



