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INTRODUCTION

In this work, a magnetic micromixer with embedded
microscale magnet was developed and the simulation
of mixing performance and working mechanism were
conducted by COMSOL Multiphysics. The micromagnet
made of neodymium powder and polydimethylsiloxane
(PDMS) will generate magnetic force acting on
ferrofluid so it is mixed with distilled water after
flowing past the vertical magnetic bars underneath
fluidic channel. The simulation of microscale mixing
can be achieved by two steps. The magnetic field was
calculated by AC/DC module and then coupled with the
mixing phenomenon processed by laminar flow and
species transport package.

Figure 1. Schematic and dimension of double-layer magnetic micromixer.
𝑤c and 𝑙𝑐 are the width and length of the microfluidic channel,
respectively; α = 90° is the angle between micromagnet and flow
direction; 𝑤𝑚 and 𝑙𝑚 are the width and length of the micromagnet; gm
is the gap distance between each micromagnet.
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The ferrofluid and water which were initially injected 
into fluidic channel had an interface but were later 
mixed homogeneously at the outlet of fluidic channel 
under the effect of the magnetic field generated by 
the micromagnet. The stronger magnetic field 
intensity is able to accelerate the mixing progress.

Figure 2. (a) Magnetic field generated by micromagnet; (b) Simulation 
results of ferrofluid concentration and mixing progress

Table 1. Table of fluid properties
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(a1) 𝑯𝒄 = 𝟎 𝑨/𝒎

Original 
Ferrofluid

Density 𝜌𝑓 1.07
× 103 kg/m3

Saturation Magnetization 𝑀𝑠 6.6 𝑚𝑇
Magnetic Susceptibility 𝜒𝑓 0.5

Viscosity 𝜂𝑓 2 𝑚𝑃𝑎 · 𝑠

Distilled 
water

Density 𝜌 1 × 103 kg/m3

Viscosity 𝜂 1 𝑚𝑃𝑎 · 𝑠

(a) Magnetic field 

generated by micromagnet

Figure 3. (a) Simulated results 
of ferrofluid concentration 
under the effect of various 
magnetic field intensity Hc. The 
total flow rate Q= 0.2 ml/h for 
all the groups. (b) Mixing 
efficiency under various 
magnetic field intensity.

(a2) 𝑯𝒄 = 𝟔𝟎𝟎𝟎 𝑨/𝒎 (a4) 𝑯𝒄 = 𝟑𝟎𝟎𝟎𝟎 𝑨/𝒎

The Navier-Stokes equation and continuity equation for
incompressible flow describe the flow in the channels:

𝜌
𝜕𝒖

𝜕𝑡
+ 𝜌 𝒖 ∙ ∇ 𝒖 = −∇𝑝 + 𝜂 ∇2𝒖 + 𝒇𝒎

∇ ∙ 𝒖 = 0
where 𝜂 denotes the dynamic viscosity, 𝒖 is the velocity, 
𝜌 equals the fluid density, and 𝑝 refers to the pressure.
𝒇𝒎 = 𝜇0 𝑴 ∙ ∇ 𝑯 is the magnetic force acting on 
ferrofluid, where 𝜇0 is the magnetic permeability of free 
space, M is the field dependent magnetization and H is 
the external applied magnetic field.

The mass flux is given by diffusion and convection, the
resulting mass balance is

∇ ∙ −𝐷∇𝑐 + 𝑐𝒖 = 0
where 𝐷 denotes the denotes the diffusion coefficient and
𝑐 gives the concentration of ferrofluid.
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