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Using fractional derivatives in the analysis of magnetohydrodynamic flow in a
diverging channel with concentrated flow injection from the walls with mutable
velocity
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! PhD student,Mechanical Engineering Department, Amirkabir University of Technology, Tehran, Iran.
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Abstract

This study examines the influence of fractional derivatives on the issue of concentrated flow injection from
the walls into a non-concentrated magnetohydrodynamic flow within diverging channels. A main tangential
velocity term is considered in the governing equations and other tangential velocity terms are ignored. In
the governing nonlinear partial differential equations, the derivatives with respect to r are replaced by
fractional derivatives and transformed into a system of nonlinear ordinary differential equations with
fractional derivatives using the similarity transformation method and then solved using semi-analytical and
numerical methods. The findings show that increasing Re leads to a significant increase in the values of the
velocity at the center of the channel, while a slight decrease is observed in the regions near the walls.
Increasing Ha leads to a significant decrease in the maximum velocity. Also, the velocity vector lines at
fixed radial positions become more uniform and two smaller maximum velocities are created near the
channel walls. Increasing the Hartmann number leads to lower concentration throughout the channel,
whereas higher Reynolds or Peclet numbers result in reduced concentration at the channel's center.
Increasing the order of the fractional derivative of the concentration equation increases the concentration
throughout the channel.

Keywords: Converging and diverging channels; injection; concentration; magneto hydrodynamic flow;
fractional derivative
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