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Introduction: Small
Structures, Large Effects

A bird wing is not a smooth, solid surface. It is a layered assembly of
thousands of feathers, each made of a central shaft and a vane of
interlocking barbs. Small feathers cover the bases of large ones. Some
lift up when the airflow changes. Others spread apart, overlap more
tightly or flex under load. Together they give the wing abilities that a
single rigid surface lacks: delaying stall, recovering from
disturbances, adjusting to changing flow, and repairing minor
damage.

Engineers have a name for small devices that change how air flows
over a wing: flow control. Vortex generators, slats, Gurney flaps,
serrated edges and self-activating flaps are all flow-control devices.
Many have counterparts among feathers. Some were developed
independently and later recognized in birds; others were inspired
directly by feathers.

This volume explores how feathers control airflow, the physics of
boundary layers and separation, the history of flow-control devices,
and how designers can apply feather principles to wings, blades and
other aerodynamic surfaces.

How this book is organized

Chapters 1 and 2 cover feather structure and how feathered wings
handle airflow. Chapter 3 explains boundary layers and separation.
Chapter 4 surveys the history of flow-control devices. Chapters 5 to 7
cover translation, manufacture and system integration. Chapter 8
presents ten design concepts. Chapters 9 to 13 cover testing, failure
modes, approval, a workbook and a case study.

Figures for real birds and devices are rounded and typical. Worked
numbers are illustrations unless a source is named.
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Chapter 1: How Feathers Work

Feather structure
A typical flight feather has:

¢ arachis, the central shaft, stiff and tapered,

e barbs, branches extending from the rachis on both sides,

e barbules, smaller branches on each barb,

¢ hooklets, tiny hooks on some barbules that catch on neighboring
barbules, zipping the vane together.

The hooklet system makes the vane act as a continuous surface. If

barbs separate — from a collision or rough air — the bird can zip them

back together by preening. This self-repair is one of the most

remarkable features of feathers.

Types of feathers on the wing

¢ Primaries and secondaries, the large flight feathers.

e Coverts, smaller feathers layered over the flight feather bases on
both surfaces.

e The alula, a small group of feathers at the leading edge near the
wrist.

¢ Down and filoplumes, small insulating and sensory feathers
under the surface.

Asymmetric vanes

Flight feathers have vanes that are narrower in front of the rachis
than behind it. Under aerodynamic load, this asymmetry makes each
feather twist in a way that helps it act as a small airfoil and, in the
wingtip slots of soaring birds, keeps it from fluttering.

Overlap

Feathers overlap like roof tiles. The overlap seals the wing against
airflow passing through it in one direction while allowing feathers to
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separate in the other — for example, letting air pass through gaps
between primaries during the upstroke in some birds.

Chapter takeaways

e Feathers are hierarchical: rachis, barbs, barbules and hooklets.

e Hooklets zip the vane and allow self-repair.

e Asymmetric vanes and overlap let feathers act as small
aerodynamic devices.
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Chapter 2: Feathered Wings
and Airflow Control

The alula

The alula sits at the leading edge near the wrist. Birds raise it during
slow flight, landing and takeoff. Research, including a study by Sang-
im Lee and colleagues published in Scientific Reports in 2015, has
examined how the alula affects flow, finding that it can help keep flow
attached on the wing at high angles of attack by generating a vortex
that energizes the flow behind it. Its effect resembles that of a
leading-edge slat or a strong vortex generator.

Covert feathers as flaps

When a bird approaches stall, the covert feathers on the upper surface
of the wing can be seen to lift up. Research by Anna Carruthers,
Adrian Thomas and Graham Taylor, published in the Journal of
Experimental Biology in 2007, filmed a steppe eagle in flight and
described feathers on the wing that deployed automatically as
aeroelastic devices during landing and gusts. One interpretation is
that the lifted coverts act as self-activating flaps, blocking reverse flow
from spreading forward from the trailing edge and limiting the loss of
lift.

Trailing-edge feathers

The trailing edge of a bird wing is formed by the tips of the
secondaries and primaries. It is flexible and can bend, changing the
wing's effective camber. In some birds, the trailing edge is fringed or
porous, which may help with noise and flow behavior.

Feather gaps and slots

At the wingtips of soaring birds, separated primaries form slots.
Between other feathers, small gaps may let air pass in ways that affect
the boundary layer.



