
INTRODUCTION: A detailed investigation on the effect of a
uniform magnetic field on the lateral migration of a
ferrofluid droplet in a plane Poiseuille flow by means of
numerical simulation is presented here. In this case, the
magnetic field is applied along different arbitrary directions.

COMPUTATIONAL METHODS: The conservative level set
method is used to track the dynamic interface of the droplet
where the level set function 𝜙 is advected by the velocity
field[1,2]:

Being treated as a single phase flow, the different properties
of the flow domain are related to 𝜙 through the following
equations:

The flow field under the effect of uniform magnetic field can
be governed by the continuity and momentum equations:

where, the surface tension force, 𝐅σ can be defined as:

and magnetic force, 𝐅𝑚 can be calculated as:

The magneto-static Maxwell equation can be written as:

RESULTS: The effect of different arbitrary magnetic field
directions on the final equilibrium position of the droplet

CONCLUSIONS: In the absence of any external forces, at

𝜆 = 1, the droplet finds its equilibrium position at a

location approximately 19 m below the center of the

channel. Applying a magnetic field along arbitrary

directions results in different equilibrium positions along

the channel due to disparate alignments of the droplet with

the flow field. At 𝛼 = 0°, the droplet is found to be closer

to the bottom wall, while at 𝛼 = 45° the droplet settles

closer to the center, and at 𝛼 = 90°, the droplet finds its

equilibrium position exactly at the center of the channel.

Figure 2. Lateral migration of a

ferrofluid droplet at 𝑅𝑒𝑑 = 0.03,

𝜆 = 1 , and 𝐵𝑜𝑚 = 0.

Figure 3. Effect of different magnetic

field directions on the migration

behavior of the droplet at 𝑅𝑒𝑑 =
0.03, 𝜆 = 1, and 𝐵𝑜𝑚 = 8.72.
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Figure 1. Schematic illustration of a ferrofluid droplet suspended in another

medium in a Poiseuille flow under the application of a uniform magnetic field,

𝐇0.

𝛻 ∙ 𝜇𝛻𝜑 = 0

𝜌 = 𝜌𝑐 + 𝜌𝑑 − 𝜌𝑐 𝜙;

𝜇 = 𝜇𝑐 + 𝜇𝑑 − 𝜇𝑐 𝜙; 𝜒 = 𝜒𝑐 + (𝜒𝑑 − 𝜒𝑐)𝜙

𝜂 = 𝜂𝑐 + (𝜂𝑑 − 𝜂𝑐)𝜙
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Figure 4. Steady state velocity, magnetic field profiles, and equilibrium

droplet shapes at 𝑅𝑒𝑑 = 0.03, 𝜆 = 1, and 𝐵𝑜𝑚 = 8.72.
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