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Colloidal Dissipation & Puddle Jumping

Interfacial dynamics of colloidal soft matter in microgravity
depend heavily on particle-induced changes to energy storage
and dissipation. A primary manifestation of these dynamics is
"puddle jumping": the spontaneous detachment of a droplet
from an engineered surface upon entering microgravity.
Integrating colloids into the fluid matrix tunes bulk properties—
specifically surface tension and contact line friction—allowing
the puddle-jumping transition to serve as a diagnostic for
complex fluid-surface interactions.

Mark Weislogel’s work, shown below, illustrates the puddle
jumping phenomena of a water droplet from a hydrophobic
surface. The velocity is constant, and clear oscillations can be
seen within the droplet.
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loaded with 0.1% by volume 100nm polystyrene spheres. Droplet volumes have been matched at 10puL. Maximum

necking of the colloid laden droplet at 0.167 sec occurs approximately at the same time as the pure water droplet
detaches.

eDissipation & Pinning: Failure to detach likely stems

ase 7: 100 nm P.S. Pinned Droplet from extra viscous dissipation disrupting internal flow

Methods & Materials

Substrate: Soot coated aluminum.

Colloids: 100 nm polystyrene at 0.1% by volume.

Fluid: DI Water.

Colloidal droplets were placed on a 2.2s drop tower rig by hand,
and the resulting droplet dynamics were recorded by a camera
(30 FPS), maximum Nyquist frequency of 15 Hz. This allows FFT
of slow phenomena related to droplet dynamics.

Water droplets on soot
coated aluminum plate.
Contact Angle: 163°

Hydrophobic Soot Covered Aluminum
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Analysis of Dissipative Mechanisms Future Work

Droplet detachment in microgravity is governed by the conversion of surface potential energy into kinetic energy. The
presence of colloids introduces non-conservative work terms that suppress this energy transition. The simplified

energy balance will look like this: KE = AU gy face — (Wpin + W gissipation)

The analysis is complex due to the distinction between conservative surface energy and non-conservative loss

esS.

Surface energy, influenced by colloidal size and density [3], behaves as a potential energy (analogous to Hooke’s

_aw) where work is conservative for small deformations.

quantify pinning work by measuring advancing and receding angles during evaporation.
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n contrast, pinning and dissipative forces are non-conservative; they do not alter surface energy but reduce the
Kinetic energy available for droplet launch. We characterize surface tension through static contact angles and
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NASA GRC 2.2 s Drop Tower Rig (Left), 3D Printed Substrate Fixturing (Right)
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Future work focuses on establishing baseline jump/no-
jump conditions through mechanized dispensing on a
robust substrate. Immediate priorities include
characterizing pinning and dissipative work via extensive
contact angle dynamics and flow measurements for
foundational publications. Long-term goals involve
active colloid studies, integration into the 5.18s drop
tower, and CubeSat experimental design.
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