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Abstract

Numerical investigation of nanofluid MHD forced convection heat transfer in a
microchannel using lattice Boltzmann method

Seyed Shayan Abedinzadeh

In the present study, flow and forced convection heat transfer of water-Al,O; nanofluid
inside a horizontal microchannel under the influence of an external uniform magnetic field
perpendicular to the fluid flow is studied using numerical lattice Boltzmann method.
Microchannel consists of two parallel flat plates and due to the lack of changes in the third
direction; the problem is modeled two dimensionally. Temperature of the microchannel’s
lower wall is constant and the upper wall is insulated. Nanofluid enters the microchannel with
uniform velocity and temperature. Homogeneous method is used for nanofluid modeling and
numerical lattice Boltzmann method is used to obtain the nanofluid velocity and temperature
fields. The effects of pertinent parameters such as the Reynolds number (5-25), the Hartmann
number (0-10), the nanoparticles volume fraction (0-4%), the nanoparticles size and
constriction of microchannel on the Nusselt number, the friction coefficient and pressure drop
are investigated. The results show that imposing the magnetic field increases the flow velocity
near the microchannel walls. Increasing the Hartman number from 0 to 10 at Re=25 and
¢=2% increases the average Nusselt number and the average friction coefficient to 2.7% and
86% respectively. Also Increasing the nanoparticles volume fraction to 4% at Re=5 improves
the heat transfer coefficient in the microchannel up to 17%. Finally, constriction of the
microchannel walls using rectangular indentation increases the average Nusselt number and
pressure drop up to 10% and 150% respectively at Re=25.

Key words: Lattice Boltzmann Method, Nanofluid, MHD, Microchannel
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\ Microelectromechanical systems (MEMS)
Y Microchannels

v Knudsen number

f Mean free path
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\ Macroscopic

Y Computational fluid dynamics (CFD)
v Microscopic

¥ Molecular Dynamics (MD)

& Mesoscopic

¢ Dissipative particle dynamics (DPD)
v Lattice Boltzmann method (LBM)
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\ Nanofluids
Y Magnetohydrodynamics (MHD)
v Lorentz force
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