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Introduction: A Parachute
Made Mostly of Air

A dandelion seed head holds well over a hundred seeds, each attached
to a tiny parachute of fine bristles. When the wind blows, the seeds
lift off and drift away. Most land within a few metres, but some travel
much further, and in the right conditions a few may travel very long
distances. The dandelion achieves this with a structure that is mostly
empty space: a ring of thin filaments with gaps between them,
weighing a fraction of a milligram.

For engineers, the dandelion offers a model for spreading tiny devices
through the air without any power or control. Environmental sensors,
tracking tags, and seed and spore delivery systems could all benefit
from a cheap, light, reliable way to fall slowly and travel with the
wind. Researchers have already built battery-free electronic devices
that ride on dandelion-inspired structures.

This volume explains how dandelion seeds fly, the physics of slow
descent through porous structures, the research on dandelion-
inspired devices, and how designers can create passive aerial
dispersal systems — while taking seriously the environmental
responsibilities of scattering devices across the landscape.

How this book is organized

Chapters 1 and 2 cover dandelion seed flight and structure. Chapter 3
explains the physics of slow descent. Chapter 4 surveys research and
applications. Chapters 5 to 7 cover translation, materials and
electronics. Chapter 8 presents ten design concepts. Chapters 9 to 13
cover testing, failure modes, approval, a workbook and a case study.

Figures for real seeds and devices are rounded and typical.
Worked numbers are illustrations unless a source is named.
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Chapter 1: How Dandelion
Seeds Fly

Wind dispersal

Plants spread their seeds in many ways: animals, water, explosive
pods and wind. Wind-dispersed seeds use wings (as in maples), hairs,
or parachutes. The dandelion is the classic parachute seed. Its
relatives in the daisy family, and many other plants such as thistles
and milkweeds, use similar plumed structures.

The flight

A dandelion seed falls slowly, typically at a few tenths of a metre per
second in still air. This slow descent gives the wind time to carry it
horizontally. Rising air currents, turbulence and thermals can lift
seeds higher and carry them further.

Release

Seeds do not simply fall off the seed head. They detach more readily
in certain wind and humidity conditions. Research has shown that
dandelion seed heads close their parachutes in wet conditions,
reducing release when rain would ground the seeds. This adds a form
of passive timing control to the dispersal system.

The separated vortex ring

The key finding about dandelion flight came from research by Cathal
Cummins, Naomi Nakayama, Ignazio Maria Viola and colleagues,
published in Nature in 2018. Using flow visualization in a vertical
wind tunnel, they found that air passing through and around the
dandelion's bristles forms a stable vortex ring that sits above the
parachute but is detached from it — a separated vortex ring. This
structure, previously unknown in nature or engineering, increases
drag far beyond what the small amount of material would suggest.
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The gaps between bristles are essential: they let some air through,
which stabilizes the vortex.

Chapter takeaways

e Dandelion seeds fall slowly and travel on the wind.
¢ Release is timed partly by moisture.

e A separated vortex ring above the porous parachute greatly
increases drag.
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Chapter 2: Structure of a
Dandelion Seed

The parts
A dandelion seed unit consists of:

e the achene, the actual seed, at the bottom,
¢ the beak, a thin stalk connecting the seed to the parachute,
e the pappus, the ring of fine bristles forming the parachute.

The pappus

The pappus is made of roughly a hundred thin filaments radiating
from a central point, each with tiny side branches. The filaments are
spaced so that most of the disk area is open space. The 2018 research
found that the porosity of the pappus — the fraction of open area — is
very high, and that this porosity appears tuned to stabilize the
separated vortex ring.

Stability

With the heavy seed hanging below the light parachute, the center of
mass sits well below the center of drag. This makes the seed fall
upright and stable, like a pendulum, returning to vertical after
disturbances.

Moisture response

The base of the pappus responds to humidity, closing the bristles
inward when wet. Closed parachutes fall faster and are less likely to
detach, so seeds are released mainly in dry conditions.

Chapter takeaways

e The seed hangs below a ring of fine, widely spaced bristles.
e High porosity is essential to stable flight.
e Low center of mass gives passive stability.
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