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MOTION & TRANSPORT

Drag Reduction for Aerodynamic Surfaces at Re
10³–10■

How biology manages turbulent flow at the surface boundary

5 3 1–3 5

convergent strategies principle clusters TRL range featured strategies

PROBLEM FRAMING

At Reynolds numbers between 10³ and 10■, boundary layer transition and separation determine most

aerodynamic drag. Surface texture — specifically periodic microstructures in the 10–200 µm range — can delay

transition and reduce skin friction by 5–15% without geometry change.

Application domains: aerospace, transportation

Principle cluster: fluid dynamics, surface microstructure, tribology
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Physics & Mechanism

Underlying physics

[DRAFT] At Reynolds numbers above ~10■, boundary layer transition from laminar to turbulent flow becomes

the primary source of friction drag. Biological surfaces that operate in these flow regimes — shark denticles,

dragonfly wing corrugations, whale tubercles — all modify the boundary layer through periodic surface geometry

rather than chemical modification. Shark denticles (10–200 µm pitch) align with flow to create micro-vortices that

reduce near-wall turbulence intensity. Riblet spacing optimised for s■ ≈ 10–15 (wall units) yields 5–8% drag

reduction in fully turbulent flow. Whale tubercle leading-edge protuberances operate at a different scale,

modifying macroscale flow separation and stall characteristics through enhanced leading-edge vortex formation.

The principle cluster connecting these solutions is fluid_dynamics + surface_microstructure: multi-scale surface

geometry addressing drag at different Reynolds number regimes simultaneously. [END DRAFT — replace with

final engineering copy before launch]

Biological Strategies

Move in/on Liquids Emperor penguin feathers · TRL 1/9 · 59 genera

The Emperor penguin has mastered what might be termed a biological technology akin to a torpedo launch system. After

grooming its dense feathers to trap air, the penguin dives deep, sometimes up to 20 meters below the surface. Here, the real

mechanics come into play: as it ascends, it systematically compresses its feathers to release the trapped air as

micro-bubbles. This action forms a sleek, lub…

Design principle: Engineer external surfaces that trap and progressively release air as micro-bubbles to create a lubricating

boundary layer around submerged objects. Design feather-inspired textures or compliant coati

Move in/on Liquids Fish using carangiform locomotion · TRL 3/9 · 59 genera

Fish swimming via carangiform locomotion generate thrust through synchronized lateral body waves that propagate from

head to tail, with the posterior body segments producing the dominant propulsive force. The vertebral column and

surrounding muscle tissues enable progressive bending, creating pressure differentials in the surrounding water. The flexible

body acts as a continuous structure where el…

Design principle: Apply distributed-parameter electroelastic modeling to piezoelectric bimorph actuators for aquatic

propulsion, coupling actuator dynamics with elongated-body hydrodynamic theory. Optimize macro-fiber

Manage Turbulence Aquatic animals

Aquatic animals have evolved streamlined body shapes that minimize resistance as they move via water. This fusiform or

torpedo-like body form reduces pressure drag by allowing water to flow smoothly around the organism rather than creating

turbulent eddies. Many species possess specialized skin textures, scales, or mucus layers that further lower friction drag at

the fluid boundary. During locomot…

Design principle: Engineers designing underwater vehicles can apply principles of streamlining observed in aquatic

organisms to reduce drag coefficients. Incorporating tapered body profiles, smooth surface treatments,

Move in/Through Gases Broad-bodied chaser dragonfly · TRL 3/9 · 31 genera

Dragonflies possess four wings arranged in two tandem pairs—forewing and hindwing sets on each side of the thorax. During

flight, thoracic musculature drives coordinated flapping motions that produce complex three-dimensional airflow patterns. The

tandem configuration creates aerodynamic interactions as trailing hindwings operate within wake vortices shed by the

forewings. This arrangement generat…
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Design principle: Implement a tandem flapping-wing system with two paired wing sets positioned in close proximity to exploit

aerodynamic interference between forewing and hindwing vortex systems. Design wing articulati

Manage Turbulence Bottlenose dolphin

This bottlenose dolphin's body exhibits a fusiform or torpedo-like profile that tapers gradually from a rounded anterior region

to a narrower posterior section. That shape reduces pressure drag by allowing water to flow smoothly around the body rather

than creating turbulent eddies and separation zones. This smooth skin surface further contributes to laminar flow conditions,

minimizing friction dr…

Design principle: Engineers designing underwater vehicles and aquatic structures can apply the dolphin's body geometry

principles by adopting streamlined, fusiform profiles that taper smoothly from front to rear. Minim

Combination Intelligence

Strategies that address different aspects of the same problem and are not redundant when combined.

Move in/on Liquids + Manage Turbulence

Shared principles: fluid dynamics, surface microstructure, tribology

These strategies share 3 underlying principles including fluid dynamics and surface microstructure and tribology.

They may not be alternatives — combining them could address different scale regimes of the same problem

simultaneously.

EXPLORE THE INTERACTIVE VERSION

This report is a static synthesis. The interactive version includes live strategy cards, the Design Brief generator,

Combination Intelligence engine, and filtering by TRL, scale, and principle.

https://atlasofnature.org/challenge/drag-reduction-aerodynamic
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