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I Introduction and Background

Visualization of fluid flow plays a pivotal role in the field of fluid dynamics, offering invaluable insights into the character-
istics and dynamics of fluid motion. Additionally, a considerable portion of these experiments can be carried out using
easily accessible and cost-friendly materials, producing captivating visual representations that illustrate the underlying
physics. With this in mind, the overall purpose of this experiment was to collaborate with a team to capture the fluid
phenomenon of our choice. As Team Purslane, we decided to capture the effects of a magnet on ferrofluid. This would
allow us to better visualize the magnet field the ferrofluid follows and in turn, gain an understanding of the normal field
instability.

II Experimental Set-up

For the experimental setup, I used a lightbox, Petri dish, ferrofluid, Cannon EOS Rebel T7 camera, and a fishing magnet
(500 lb). Table 1 below showcases where I sourced each of these and their associated costs.

Equipment Source Cost
PULUZ Mini Photo Studio Light Box Amazon $20.99
Petri Dish Amazon $8.99 (10 Pack)
Ferrofluid Professor Hertzberg Lab Free
Fishing Magnet Amazon $15
Canon EOS T7 Rebel Camera BestBuy $479.99

Table 1: Equipment List

Figure (1) showcases a diagram of the experimental setup to better understand where everything was placed.

Figure 1: Diagram of the Experimental Setup

To begin, the lightbox was set up by unfolding it and plugging it into a power source for the lights. The lights were then set
to the highest setting to ensure that the final image wouldn’t be too dark and to capture as much detail as possible. The
fishing magnet was then placed in the center of the lightbox with the magnetic surface facing upwards. A small amount
of ferrofluid (About 2 tablespoons) was then poured into the Petri dish and allowed to settle for a few seconds to get rid of
any bubbles. The Petri dish was then carefully placed on top of the magnet as the fluid would instantaneously react once
it got close enough to a magnetic field. For this portion, the amount of spikes would be dependent on how close the fluid
was to the magnet. The closer the fluid is, the more condensed the spikes are, and being too far would lead to minimal
interaction. I chose to have about an inch of distance between the magnet and fluid which led to an even distribution of
spikes across the dish. Once this was set up in the way I wanted, I took a picture from the hole on top of the lightbox to
get a top-down view of the experiment. I then adjusted the distance between the magnet and fluid in varying amounts
and repeatedly captured different images.
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III Fluid Mechanics

Before we jump into the interesting phenomenon, let’s take a closer look at the main player: the ferrofluid. This special
fluid is made up of three key ingredients and is what allows this experiment to be possible. These key ingredients are:
(Oehlsen, et al. 2022).:

1. A ferromagnetic compound (Iron Oxide Nanoparticles)

2. A surfactant that coats the magnetic compound to prevent agglomeration

3. A carrier liquid that suspends the magnetic compound

Essentially, the nanoparticles are so small that they stay suspended in the liquid and make it seem like it has strong
magnetic properties. This means that you can control and move the liquid around using magnets. Another unique
property is how the liquid will also form patterned peaks when exposed to this field. This same phenomenon that we
were able to capture in this experiment is known as the Rosenweig instability, or the normal field instability. Essentially
the instability forms when a fluid is subjected to a vertically oriented magnetic field. This increases the energy of the
fluid which in response forms a spike to minimize its energy (Andelman and Rosensweig, 2009).

This patterning can only appear when the ferrofluid has a magnetization that exceeds a critical value known as MC which
is expressed in a dimensionless form as seen in Eq. 1 below (Andelman and Rosensweig, 2009).
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Where:

1. µ0 is the permeability of a vacuum.

2. g is the gravitational constant.

3. ∆ρm is the difference in mass densities of fluids across the interface.

4. σ is the interfacial tension

5. rP is the dimensionless permeability ratio which is expressed as Eq. 2 below (Andelman and Rosensweig, 2009).
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Areas within the fluid where this critical value is exceeded experience these peaks whereas other areas do not as seen
in Figure (3a) in Section IV. Furthermore, the peak-to-peak distance can be described in Eq. (3) below (Andelman and
Rosensweig, 2009).
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Figure (2) below showcases the distribution of a magnetic field and a potential peak through computational methods by
Andelman and Rosensweig. It stands that the concentration of the magnetic field is closely tied to the formation of these
peaks through an increase in the normal stress difference at the edges of these peaks (Andelman and Rosensweig, 2009).
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