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Introduction

In this study, we investigate the behavior of systems involving surface
tension, gravitational, and pressure/buoyant forces. By analyzing the
interplay of these forces and the phenomenon of Marangoni propulsion, we
aim to gain a deeper understanding of the dynamics of floating objects
and their movement on liquid surfaces.
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Force Balance Equation

Consider a rigid stationary floating object, we characterize its orientation
with the balance of gravitational force, pressure/buoyant force, and surface
tension force:

F⃗g + F⃗p + F⃗T = 0
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Gravitational and Pressure/Buoyant Forces

Gravitational Force

The gravitational force on the object is given by:

F⃗g = Mobj g⃗

Pressure/Buoyant Force

Let n̂obj = unit normal force directed out of object, ∂Ωsub = the boundary
submerged region of object, and pA = atmospheric pressure. The pressure
force on the object is:

F⃗p = −ℓ

∫
∂Ωsub

(p(s)− pA)n̂obj(s)ds
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Surface Tension Force

The surface tension force is in the direction tangent to the meniscus at the
point where the object intersects the surface of water.

F⃗T = ℓγLt⃗L + ℓγR t⃗R

We can express this force in vertical and horizontal components:

F⃗ y
T = ℓ(−γL cosαL − γR cosαR) (1)

F⃗ x
T = ℓ(−γL sinαL + γR sinαR) (2)
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Archimedes Principle and the Force of Surface Tension

Archimedes Principle

The buoyant force acting on a floating object is opposite and equivalent to
the force of gravity acting upon the object, or in other words:

Mobjg = ρf Vsubg .

That is, the pressure force in the vertical direction is the weight of the
displaced fluid.

When the force of surface tension is accounted for in the force balance
equation, a revised interpretation of displaced fluid is necessary.
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A Floating Object without and with Surface Tension
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Forces on a Floating Object Experiencing Surface Tension

Surface Tension Force Derivation

Using the equations for the force of surface tension and the pressure force,

F⃗ y
T = −ℓρf g

{∫ xL

−∞
hLdx +

∫ ∞

xR

hRdx

}
F⃗ x
T = ℓ

{ρf g

2
(yL

2 − yR
2) + (γR − γL)

}
Pressure Force Derivation

F⃗p = −ℓ

∫
∂Ωsub

(p(s)− pA)n̂obj(s)ds

is the expression for the force of water pressure on the object, which is
derived from

F⃗p = ℓρf g

{
1

2
(yR

2 − yL
2),Asub − Ameniscus

}
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Variable Surface Tensions on One Floating Object

By changing the physical properties of the object, contact angle at the
object also changes. This effect is demonstrated in the figures below.
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Marangoni Propulsion

Definition (Marangoni Propulsion)

Locomotion in or on a liquid caused by a change in the surface tension on
one end of an object. This yields two different γ values, γL and γR .

When surface tension constant γL ̸= γR , the horizontal balance of forces
affecting an object becomes non-zero. As a result, the object experiences a
horizontal propulsive force, called Marangoni propulsion, given by

Fprop = ℓ(γR − γL)
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Future Work

We plan to continue exploring the effects of surface tension on floating
objects in systems such as the following:

extend our work from static to dynamical systems

explore the role of surface tension in bio-locomotion

floating entomological phenomena, such as fire ant rafts

A.Dunlop, J.Nguyen, M.Werkheiser (GMU) The Effects of Surface Tension on Floating 3D-Printed ObjectsMay 5, 2023 11 / 13



Acknowledgements

We would like to extend our gratitude to MakerLab and George Mason
University for providing us with access to their resources and spaces, which
have been instrumental in the success of our research. We are also
incredibly grateful to Dr. Sander and Dr. Anderson for their invaluable
guidance and support. In addition, we would like to thank Patrick Bishop
for his encouragement, dedication, and enthusiasm. Finally, we want to
acknowledge the Mason Experimental Geometry Lab (MEGL) for their
contribution to this project, as it has served as a platform for our
exploration and discovery. We are fortunate to have been able to
collaborate with such an exceptional group of individuals and
organizations, and we are sincerely grateful for their contributions.

A.Dunlop, J.Nguyen, M.Werkheiser (GMU) The Effects of Surface Tension on Floating 3D-Printed ObjectsMay 5, 2023 12 / 13



References

1 Anderson et al., “Mathematics of Floating 3D Printed Objects,” AMS
Proceedings of Symposia in Applied Mathematics, 2022.

2 Burton, Cheng, and Bush, “The Cocktail Boat,” 2014.

3 Bush, Hu, “Walking on Water: Biolocomotion at the Interface,”
Annual Review of Fluid Mechanics, 2006.

4 Naylor, Tsai, “Archimedes’ principle with surface tension effects in
undergraduate fluid mechanics,” International Journal of Mechanical
Engineering Education, 2022.

A.Dunlop, J.Nguyen, M.Werkheiser (GMU) The Effects of Surface Tension on Floating 3D-Printed ObjectsMay 5, 2023 13 / 13


	 
	Column 1
	Column 2


