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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present paper, heat transfer and entropy generation in Rayleigh-Benard convection of nanofluids
Received 24 July 2017 subjected to a magnetic field within an enclosed cavity is studied by adopting the lattice Boltzmann
Accepted 24 September 2017 Model. The left and the right walls are smooth and insulated against heat and mass. The bottom wavy

Available Online 27 October 2017 wall is heated, while the top flat wall is maintained at the cold temperature. The variation of density is

slight thus; hydrodynamics and thermal fields equations are coupled using the Boussinesq

K ds: . K . C

Eﬁmg; éeneration approximation. The density and energy distribution are both solved by D2Q9 model. The study have

Nanofluid been carried out for Rayleigh number 103, 10* and 10°, Hartmann number 0, 30, 60 and 90 and volume

\'Xllagne\l,i& IFIie|d fractions of 0 up to 0.04 for Cu, CuO and Al,O; nanoparticles in base pure water fluid. Results show
avy-Wa

that the Nusselt number and entropy generation increase with the increment of Rayleigh number and
nanoparticles volume fraction, but those decrease by the increment of the Hartmann number. The
enhancement of magnetic field augments or plummets the effect produced by the presence of
nanoparticles on heat transfer and entropy generation at different Rayleigh numbers. In addition, it is
shown the greatest effect of nanoparticles on heat transfer and entropy generation is observed by
addition of Cu nanoparticles and the least is function of Ra number. This study can, provide useful
insight for enhancing the convection heat transfer performance by considering of energy losses within
enclosed cavities with Rayleigh-BBnard convection nanofluid under influence of magnetic field.

Lattice Boltzmann Method
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Fig. 1 Schematic for the physical configuration and coordinate system
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Table 2 The mean Nusselt number for different mesh size on
wavy-wall surface (Ha=30, ¢=0.04)

Ra=10° Ra=10* RIS
1.928 1.1595 21x 21
2.0313 1.1461 41 x 41
2.1138 11217 81 x 81
2.1567 1.1167 121 x 121
2.1965 1.1080 161 x 161
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Table 3 Comparison of the mean Nusselt numbers on hot wall in the
square cavity (Ra = 10°)
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BSezre [B4lezre  [Blezp ol adls
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------------ 4.143 4.1006 15
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------------ 2.369 2.3461 45
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Fig. 3 Comparison between present study and Ilis et al. [36] at Ra=10°
(a) total entropy generation (b) Bejan number
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Table 1 Thermophysical properties of water and nanoparticles

o,346 ol ol,346 : s
JURTUN VUK O i g
3970 6500 8954 997.1 p(kg/m3)
765 540 383 4179 Cp(J/keK)
40 18 400 0.613 k(W/mK)
0.85 0.85 167 21 B x 105(1/K)

- - - 8.54 u X 10*(Pas)
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Fig. 5 Comparison of isotherms contours for pure water (solid line) and
nanofluid with ¢=0.04 (dashed line)
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Fig. 9 Variations of horizontal velocity in cavity mid-section at

different volume fractions
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Table 5 Comparison of the absolute stream function at different

volume fractions
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2.8999 35775 0.0043  0.0045 0.00406 0.00448 30
0.2898 0.3761 0.0150  0.0173  0.00212 0.00219 60
0.0886  0.1101  0.0085  0.0098  0.00216 0.00223 90
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Fig. 8 Variations of absolute stream function, mean Nusselt number
and total entropy generation at different Rayleigh and Hartmann
numbers (¢=0.04)
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Fig. 11 Variations of the dimensionless entropy generation at different
Rayleigh and Hartmann numbers
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