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Investigation of magneto-hydrodynamic
micropump with alternating excitation current and
static magnetic field

Abstract: In this study, the possibility of using a constant magnetic field instead of a
variable magnetic field in magnetohydrodynamic micropumps with alternating electric
stimulation was investigated by replacing the electric magnet with a permanent magnet.
To do this, a magnetohydrodynamic oscillator was combined with three types of one-
way check valve to rectify the fluid flow and enable pumping the fluid. The study was
conducted using analytical and numerical methods. First, the governing differential
equations were introduced, and then, considering hypothetical micropumps under
various dimensions and conditions, the obtained equations for the systems were solved
using finite difference method. Subsequently, an ideal magnetohydrodynamic pump
was defined, and the performance of the systems was compared with that. It is found
that for the micropump equipped with a ball check valve, the flow rate and pressures
are 59% and 54% of the ideal conditions, respectively. These values for the diaphragm
check valve were 72% and 35%, while for the nozzle-diffuser check valve were less
than 2%. Therefore, the performance of pumps equipped with ball and diaphragm check
valves is acceptable compared to ideal conditions, making these two systems suitable
for pumping fluids in small volumes and dimensions.

Keywords: Magnetohydrodynamic micro pump, Alternating electrical excitation
current, Constant magnetic field, One-way check valves
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