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Introduction

This video was created for the Flow Visualization class at CU Boulder. The class is where
art meets science and focuses on explaining the physics behind flow phenomena. The goal of this
experiment was to create art from the interaction between water surface tension and soap. Initial
experiments included sprinkling pepper on water and then sticking a toothpick with soap on it
into the middle of the pepper. A number of different combinations of materials were tested, but
ultimately the best result came from a single floating disk of olive oil on top of water in a bowl.
A toothpick with soap was then inserted into the middle of the disk, and the resulting reaction
was filmed. A DSLR was used to take the final video. Help with the set up was received from a
classmate, Gavin Lopez.

Experiment Setup

The experiment was set up on a counter in a kitchen. A white bowl was placed on the
counter and filled with 2 inches of sink water. Around a 1/4 cup of extra virgin olive oil was
gently spooned on top of the water. This was done gently so the oil did not mix with the water.
The oil formed a disk in the center of the bowl. Enough oil was added so that the disk almost
covered the entire surface of the water in the bowl, which had a diameter of about 6 inches. The
bowl was lit with an LED light from above. A camera was mounted on a tripod above the top of
the bowl and angled down to look into the bowl. The tip of a toothpick with a diameter of 0.08
inches was covered in dish soap. This toothpick was then inserted through the middle of the oil
disk and into the water, and a video of the reaction was recorded. Once the oil had fully
expanded, the toothpick was taken out of the liquid and the video continued until the movement
of the oil had slowed. The experiment setup is shown below in Figure 1. Images of the setup are
shown below in Figure 2.

Figure 1. Experiment setup diagram
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Figure 2. Experiment setup images

Flow Physics

The first phenomenon shown in this experiment is the difference in densities of two
fluids. At room temperature (70°F), water has a density of 0.99802 g/cm”3 [1] and extra virgin
olive oil has a density of 0.9130 g/cm”3 [2]. Because oil is less dense, the water pushed up on
the oil with more force than gravity pulls down on the oil, so it floats on top of the water. The
density of olive oil can actually be used to determine the grade of the oil which is super
interesting.

The second phenomenon is surface tension, and it is the key to this entire mysterious
movement. Surface tension is caused by the bonds between molecules. The molecules on the
surface of the liquid are attracted to the molecules in the bulk but are unable to interact with the
molecules of the adjacent gas. This causes the molecules on the surface to be pulled towards the
bulk since the net force on the molecules points towards the bulk. This is what causes water
drops to be spherical. Another way to think about it is that the fluid tries to minimize its surface
area. Surface tension is also what holds the oil molecules together in a disk on top of the water.
[3]. Water has a relatively strong surface tension because it has hydrogen bonding between its
molecules [4]. Hydrogen bonds on strong and therefore the water molecules are attracted to each
other more and are pulled towards the bulk with more force. Water’s surface tension at 70°F is
64.4 mN/m [5] compared to olive oil which has a surface tension of 31.9 mN/m [6] at 70°F.

Soap is an alkaline salt and is designed to remove dirt and grease from objects. Soap acts as a
surfactant which means it gathers at water surfaces and changes the properties of the water
surface [7]. Surfactants do this because they have a polar end and an apolar end. The water
molecules are attracted to the polar side of the soap, and the apolar side of the soap is repelled by
the water. This causes the water molecules to not be attracted to each other as strongly and thus
lowers the surface tension to about 25 mN/m which is half of what it was originally [8].
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Once the soap on the end of the toothpick has been inserted into the water in the middle of
the bowl, the water surface tension in the center breaks. The causes an imbalance in force
because the surface tension in the center of the bowl is now pulling less strongly. This force pulls
the water to the edges of the bowl in a ring starting from where the soap was inserted. This
resulting movement driven by a difference in surface tension is called the Marangoni effect [9].
The water moving towards the edge of the bowl causes the oil to move with it, which creates the
visual in the video. The soap does not significantly alter the surface tension of the oil, which can
be seen in the video because the ring only propagates out once the soap passes through the oil
and reaches the water.

The Weber number is a dimensionless number that relates inertial forces to surface tension
forces in a fluid. It is defined by the Equation 1 and Table 1 below [10].

2
We = 2= (Equation 1)

Table 1. Weber equation variables

Water Variables Values

Density: p 0.99802 g/cm”3
Velocity: v 0.025 m/s
Characteristic length: L | 0.075 m
Surface tension: o 64.4 mN/m

The density and surface tension of water at 70°F were used for the Weber equation. The
velocity of the water moving was estimated from the time it took the water to move from the
center of the bowl to when it stopped moving outwards. This was approximately 2 seconds, and
it approximately moved over 2 inches in that time. Using these numbers, a velocity of 0.025 m/s
was estimated. The characteristic length of the bowl radius was chosen as it is the distance over
which the surface tension acts. Plugging these numbers into Equation 1 yields the following
results.

(998.02 k—gg) (0.025 m)2 (0.075 m)
_ m s —0
wes (0.0644 %) o

The Weber number before the soap is inserted is 0 because the fluid is stationary. The
Weber number after the surface tension breaks is 0.73. A Weber number around 1 generally
describes a transitional flow where surface tension and inertial effects are both important [11].
This makes sense because the surface tension is half of what it was initially but is still a
significant force.
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Visualization Technique

The visualization technique of marked boundary was used in this experiment. Marked
boundary is when there are two visually distinct fluids and the boundary between them shows the
flow of the fluids. In this case, the boundary between the water and the oil shows the movement
of the water and oil caused by the reduction of the water surface tension. This boundary can be
easily seen because the water is translucent with a white background and the oil reflects yellow
light which differentiates it from the water and bowl.

Photography and Post Processing

The video was shot using a DSLR camera with the specifications shown in Table 2.

Table 2. Camera specifications

Camera Model Nikon D7500

Lens AF-S NIKKOR 24-70mm 1:2.8G ED
Focal Lenth 24 mm

ISO 3200

Shutter Speed 1/100

Aperture 5

Video Resolution as Shot | 1920x1080 pixels

Video Frame Rate 60 frames/second

Field of View 52.5° horizontal, 36.0° vertical

The video was taken approximately 8 inches away from the bowl. The camera was
mounted on a tripod to keep the video still. The bowl was lit from above with an LED light bulb.
The settings were used to balance the exposure and provide good visual quality. The video was
cut to be 17 seconds long which includes the insertion of the toothpick until the movement of the
oil slows. The audio was removed as it did not contribute to the experiment. The image was
cropped to focus on just the bowl but was curiously still 1920x1080 pixels, possibly caused by a
setting in the video editor’s exporting process.

Conclusion

The video reveals the interaction between water surface tension and soap. The oil shows
the movement of the water as the surface tension breaks and pulls the oil towards the sides of the
bowl. The intent of the experiment was to show this interaction and explain the physics behind
the almost magical movement. The author likes the interesting movement but dislikes the
reflections of the overhead lights. The video could be improved by having a straight overhead
view of the bowl and diffusing the lighting more so there aren’t any bright spots. Future work
could include timing the movement of the oil and also looking deeper into why the oil returns in
the pattern it does.
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