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Design and simulation of the one-way flexible micropump using fully coupled
magneto-fluid-solid interaction
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present work, a novel electromagnetic actuation flexible-valve micropump using the fluctuating
Received 03 October 2016 elastic wall is proposed, based on one-way lymph transfer mechanism. A time dependent magnetic field
Accepted 23 November 2016 is used for actuating the magnetorheological elastomer (contractible) wall. Two flexible valves are

Available Online 25 December 2016 located in two terminals of microchannel in order to filter bidirectional flow and generate one-way fluid

flow. Water properties are used for simulation and the maximum Reynolds number does not exceed 30

Keywords: R . . .

Eleyctmmagnmc actuation and \_Vomers_l}_/ nu.mber.ls lower than 1 in all cases. Knudsen nu_mber_lsvmuch 1§ss than unity, therefpre
Magneto fluid solid interaction no-slip condition is valid at walls. A fully coupled magneto-fluid-solid interaction approach using time
One-way fluid flow dependent study of two-dimensional incompressible fluid flow is performed. All solid parts follow
Flexible micropump Hook’s law and simulation is carried out using finite element approach by COMSOL Multiphysics

Lymphatic sys . . . .
ymphatie system software. A parametric study is conducted and the effect of key geometrical, structural and magnetical

parameters have been examined on the net pumped volume. Present micropump is able to generate
unidirectional flow and propel net volume of fluid left to right, and the net pumped volume of fluid is
affected by design parameters. The proposed design can serve in a wide range of microfluidic
applications, for example, flow rate and total mass transfer are completely controllable. At the end of
the study, an optimum geometrical design based on initial model is proposed. The final design is able to
transmit nearly two times the net volume compared to initial model and more than three times that of
the previous design.
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' Lattice Boltzmann method

'7 Magnetic-Fluid-Solid interaction (MFSI)
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2 Carotid plaque
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' Lymphatic system

? Primary valve

* Secondary valve

* Interstitial fluid

* Magnetorheological elastomer (MRE)
¢ Peristaltic

" Biology

¥ Artificial organ

° Naiver-Stocks (N-S)
! Lymphangion

" Lumped model
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Fig. 1 Deformation of SMRE membrane under various magnetic field
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Fig. 2 Schematic view of full simulated model
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* Laminar

* Hook law

* COMSOL

¢ Finite element method (FEM)
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§ Time dependent solver

° Arbitrary Lagrangian-Eulerian (ALE)
' Soft magnetorheological elastomer (SMRE)
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? Electrical conductivity
* Lorentz force

* Maxwell stress

¢ Isotropic

7 Elastic module

¥ Poisson ratio

° Strain tensor
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* Vibrational formulation
* Weak formulation

* Galerkin method
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