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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
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Fig. 2 Comparison of (a) velocity profiles and (b) temperature profiles
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[Fig. 5 Effect of the type of nanofluids on velocity profiles in the cases
of (a) suction, (b) impermeable surface and (c) injection.
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Table 2 Values of the local skin friction coefficient

R Lols- T ol -1 o -0l fw

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

0.5228 0.5228 0.5228 0.5228 0.5

0.7289 0.7289 0.7289 0.7289 1

0.0100 0.0442 0.0465 0.0034 -1 0.1
0.2118 0.2142 0.2140 0.2093 -0.5

0.5076 0.4362 0.4316 0.5294 0

0.8529 0.6893 0.6792 0.9050 0.5

1.2284 0.9628 0.9467 1.3157 1

0.0054 0.0698 0.0745 0.0018 -1 0.2
0.2815 0.2866 0.2859 0.2751 -0.5

0.7066 0.5642 0.5545 0.7482 0

1.2057 0.8790 0.8584 1.3096 0.5

1.7495 1.2187 1.1860 1.9227 1
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Fig. 6 Effect of Cu nanoparticles volume fraction on temperature

profiles in the cases of (a) suction, (b) impermeable surface and (c)

injection
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Fig. 8 Effect of permeability on temperature profiles for Cu-water
nanofluid compared with water without nanoparticles
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ool Lol Lol oo fw a (0]
0.0423 0.0423 0.0423 0.0423 -0.5 1 0
0.3827 0.3827 0.3827 0.3827 0

0.6458 0.6458 0.6458 0.6458 0.5

0.7649 0.7649 0.7649 0.7649 1

0.0919 0.0799 0.0861 0.0954 -0.5 1 0.1
0.4398 0.4188 0.4243 0.4411 0

0.6616 0.6517 0.6538 0.6590 0.5

0.7687 0.7636 0.7646 0.7655 1

0.1543 0.1266 0.1418 0.1612 -0.5 1 0.2
0.4855 0.4498 0.4609 0.4857 0

0.6760 0.6575 0.6622 0.6706 0.5

0.7728 0.7626 0.7650 0.7665 1

0.0488 0.0487 0.0487 0.0487 0.5 0.05 0.1
0.0951 0.0949 0.0950 0.0951 0.1

0.6616 0.6517 0.6538 0.6590 1

1.6352 1.5760 1.5886 1.6196 10

1.8813 1.8034 1.8199 1.8607 50
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