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Learn from the Nature

»Nafure (Evolution) accomplishes it's Targets always
»cconomically
With a minimum amount of energy

® | s not the direct copying of nature, which seems
to be at the surface, but the discovering of the
underlying principles and methods for the
Implementation in valuable solutions.



Bionics : BIO-logy and tech-NIC

BIONICS is a science
dealing with solutions,
which, nature has

Solutions are optimal and
show a high degree of efficiency.
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% ASKNATURE

leaf
owered by Algolia
Life on earth presents elegant solutions to many of the challenges that
designers and innovators face every day. Explore AskNature to find
biological strategies, inspired ideas, and resources relative to your own innovation

challenges, so you can begin to emulate the time-tested forms, processes, and
systems that already thrive in balance with Earth’s complex systems.

2 v 7 N

BIOLOGICAL STRATEGIES INSPIRED IDEAS RESOURCES COLLECTIONS

Nature’s refined solutions, mapped to your design Design solutions to human challenges, inspired by Everything you need to leamn and teach about Themed clusters of strategies, ideas, and resources,
challenges. biological strategies. biomimicry and life centered design. curated by you.
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W7 AskNature - Innovatior X \ Ed AskNatureorg-E8 X

& c ‘ @ == | https://asknature.org

“Nature is constantly innovating,
endlessly experimenting and ever

reinventing itself in the face of new

challenges.

@ Support AskNature: Become a member of the Biomimicry Institute

© 2016 - The Biomimicry Institute Terms of Service & Privacy Policy Contact Us oo@e @ 0 ~
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“Only through nature's wisdom
will we be able to find the magic

we need to survive as a species.

- David de Rothschild,
Storyteller, Designer
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BIOLOGICAL STRATEGIES

Nature’s refined solutions, mapped to your design
challenges.

% ASKNATURE

Life on earth presents elegant solutions to many of the challenges that
designers and innovators face every day. Explore AskNature to find

biological strategies, inspired ideas, and resources relative to your own innovation
challenges, so you can begin to emulate the time-tested forms, processes, and
systems that already thrive in balance with Earth’s complex systems.

INSPIRED IDEAS RESOURCES

Design solutions to human challenges, inspired by Everything you need to learn and teach about
biological strategies. biomimicry and life centered design.

COLLECTIONS

Themed clusters of strategies, ideas, and resources,
curated by you.
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+ BIOLOGICAL STRATEGIES

v INSPIRED IDEAS

v RESOURCES

Stretched l€éaves power rapid

closure Leaf shapes optimize sunlight Leaves capture watew
Venus Flytrap : Dionaea muscipula Olivetreg®

+ COLLECTIONS

Bromeliads

FUNCTIONS

How might we ...
> Break down
¥ Get, store, or distribute resources
» Maintain community

> Make

Apoplasts detoxify ozone (O3)
s ot Leaves protect from pathogens side leaves
! Thale cress

> Move or stay put

? Proces:

» Protect from physical harm

LIVING SYSTEMS

arn from .

O Plants: Plantae Leaves communicate pest damage Leaf surfaces are hMphobic Leaves remove pollution
icadas, Leafhoppers, Aphids, Etc. : Hemiptera Plants Lady’s mantle VY ol | Tree

O Apple Blossom : Bacillus

O Bull kelp : Nereocystis luetkeana
O Common Ivy : Hedera helix

O Mangroves : Rhizophoraceae
O Phyllanthaceae

O Thale Cress : Arabidopsis thaliana

B &aves survive desiccation

(



AskNature

RESOURCE

Structural
Biomaterials

Julian Vincent

Wing surface self-cleans
Mormpho butterfly

Nan;)Sphere fabricfinish

« Schoeller Technologies AG

PROTECT FROM DIRT/SOLIDS

-

ChromaFlair Color-Shifting

Paints
|DSU

Surface allows self-cleaning
Sacred lotus

S e 3
mp%ﬂ' textile coating
BASF The Chemical Company
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Inspired ideas

U7 Leaves capture water-© X \ 7 Weakleavesdeal with X ( 7 AskNatureorg-EE X ( G leavesof bromeliadsp X = X
& C | &8 =2 | https://asknature.org/strategy/leaves-capture-water-2/ | i E‘u B ® *

W =

O\) = BIOLOGICAL STRATEGIES  INSPIRED IDEAS RESOURCES  COLLECTIONS Q JOIN SIGN IN

The leaves of some bromeliads capture water and nutrients in a
storage tank via hydrophobic leaf surfaces. INSPIRED IDEAS

Elf Shelter Rainwater Collg
Drew Withingtén ;

.
1

CAPTURE, ABSORB, ORFILTERLIQUIDS, ST... [

Chaac-ha Water System Collector

(



"’

ldea iIncubator

U7 Leaves capture water -~ X \ 7 Weak leaves deal with X | FJ AskNatureorg-EE X ( G leavesof bromeliadsp X

& C | & =2 | https://asknature.org/stra

Some plants included in the family Bromeliaceae, such as pineapples, have a unique surface
on their leaves that enables them to collect water in a central tank where it can be absorbed
and utilized. This adaptation does not occur in all bromeliads, but just those that grow in
areas where there may be less access to nutrients (such as hanging on trees where they rely
on nutrients dissolved in rainwater).

The leaves of these types of bromeliads have a convex shape, meaning that they form a

~

Chaac-ha Water System Collector
CAPTURE, ABSORB, ORFILTERLIQUIDS, ST... [J

IDEA INCUBATOR &

Water capture applications to
apply to buildings, outdoor

structures

@ AskNature Team

@ ADD YOUR IDEA

FEATURED IN:
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7 % AskNature 17¢

o Eloctical energy * Magnets
*Cheemical snargy » Machaeic
* Tharmalenegy * Radiant and

* Selfraplicyre
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How might we ...

toolbox.biomimicry.org/core-concepts/function-and-strategy/

MOQVE OR STAY PUT GET, STORE, OR DISTRIBUTE RESOURCES MAKE BREAK DOWN PROTECT FROM PHYSICAL HARM

MAINTAIN COMMUNITY PROCESS INFORMATION MODIFY

These phrases describe functions. A function, by definition, is the purpose of something. In the context of
biomimicry, function refers to the roles played by a living system’s unique strategies that enable it to survive.
Importantly, function can also refer to something you need your design solution to do.

A Biological Strateqgy is a characteristic, mechanism, or process that performs a function for an organism or other
type of living system. It's often an adaptation that helps the living system survive and thrive. AskNature's primary
mission is to map biological strategies and human's inspired ideas to functions in a way that helps innovators like you

learn valuable insights from the living systems that surround us.

Learn more [




i BIDMIMICRY Global Network ~ AskMature  Design Challenges

NSTITUTE

BIOMIMICRY
GLOBAL D=5 5
CHALLENGE

£ Search ...

Function and Strategy

Fundamental links between biclogy and design.

INTRODUCTION

CORE CONCEPTS

FUNCTION AND STRATEGY

THE SYSTEMS VIEW

EARTH’S OPERATING SYSTEM

NATURE’S UNIFYING PATTERNS

METHODS N THIS SECTION

REFERENCES What are functions and In order to practice biomimicry, it's important to first understand the concept of
strategies? function. Function is an essential underpinning of biomimicry and is one element that

ABOUT THE TOOLBOX

distinguishes biomimetic design from biophilic and biomorphic design. Instead of
Identifying functions ) ) ) ) » ) ) o
looking simply at the visual and aesthetic qualities of the biological world, biomimicry

focuses on learning from how living things meet specific functions.
The Biomimicry Taxonomy

Recognizing context
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A function,

by definition, Is the purpose of
something.

n the context of biomimicry, function
refers to the role played by an
organism’s adaptations or behaviors that
enable It to survive.
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For example :

& B3 Function !!
» | want to design a bicycle helmet.

) 4 F A g K indeEI A AR 2y o

» | want to design a way to protect a bicyclist’s head from impact.

) 43 € FinhoP & 7 FRFE > 2 o




g ¥ 4eiw 7 4 (Methods)

C? » Scoping a Biomimicry Challenge
(7 - Finding Biological Strategies
C?  Crafting Design Strategies

C? * Integrating Biology into Design



Methods - Scoping a Biomimicry Challenge

 Define the Challenge:

ARG ESES DN Sal o
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Methods - Scoping a Biomimicry Challenge

» State the challenge as a question

> IR ﬂ—\ﬁz”t-ﬁﬁ*/i‘mﬁ:’g\\’ LA R-C Q- 8 M

How might we...?

How might we help corn farmers in lowa

reduce their dependency on synthetic fertilizers?




Methods - Scoping a Biomimicry Challenge

« Sample design questions

> A good design question is neither too broad nor too narrow.

E RS R W )REALE R T 5
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Methods - Scoping a Biomimicry Challenge

 Biologize the Design Question

>R e R R A AL A P R R

How does nafure...?

or example :

» How does nature make urban sts more visible to drivers at night?




Methods - Scoping a Biomimicry Challenge

 Biologize the Design Question

> dofe de R R AL EER S P R R AT

T

Design Question}
[ Context ]/

[Biologized Questions}




Methods - Scoping a Biomimicry Challenge

cor examplé :Blologlzed the Design Question

Design Question:
How might we make urban cyclists more visible to drivers at night?

¥4 5v Functions: enhance visibility; produce 4¢ B Context: dark, low light; chaotic, busy
light; reflect light; sense/send signals environment; moving quickly
o ’
Biologized Questions: j‘ﬂ é\ 7 ﬁf’t EFF
\ h—

How does nature ...

» ...enhance visibility in low light environments?
e ...enhance visibility in chaotic environments?

s __.sensemovementinthe dark?
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https://www.cw.com.tw/article/5125128

Methods - Finding Biological Strategies

Fa e gpzasr & 2o g (function) 2 4 F (context) B >

- # T E FHApE R DL P 5002 (biological strategies)

> Direct observation

» Research



Methods - Finding Biological Strategies

» Direct observation:
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Methods - Finding Biological Strategies

» Direct observation:




Methods - Finding Biological Strategies

» Research



Methods - Finding Biological Strategies

» Research

% ASKNATURE Gougle
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BIOMIMICRY
GLORAL GESIGN
CHALLENGE

£ Search ...

INTRODUCTION

CORE CONCEPTS

METHODS

REFERENCES
READING LIST
GLOSSARY OF TERMS
CASE STUDIES

BIOLOGY RESEARCH

READING A SCIENTIFIC PAPER

4

INTERDISCIPLINARY
COLLABORATION

BUSINESS PLANNING FOR
BIOMIMICRY

ABOUT THE TOOLBOX

Methods - Finding Biological Strategies

» Research

' BIOMIMICRY

INSTITUTE

Global Network  AskNature  Design Challenges

References for Biology Research

Databases, publications, and websites to help you find inspiring strategies.

IN THIS SECTION

Databases

Journals

Secondary literature

Websites

AskNature is the most direct way to find relevant strategies for biomimetic design,
because it's organized by function. However, while there are approximately 1800
strategies on AskNature, there are tens of thousands more to be written up. So while
AskNature can be used as an excellent starting point to help you find strategies by

function, you will likely need to do some deeper research.

This annotated list of databases, sources for primary and secondary literature, and
websites will help you find biological strategies relevant to your design challenge. To
use any of these resources effectively, you will need to select your search terms and

keywords carefully.



Methods - Crafting Design Strategies
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47
Animals as inspiring examples for heat insulation

Heat insulation

N ¢« sunlight

Transparent Heat Insulation due to

romay ! the Hair Structure of Icebear furs
et (acc.to Tributsch 1990)




Methods - Crafting Design Strategies

€ How does polar bear insulate?
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Methods - Crafting Design Strategies

2% L) mmp (120 £i5]

CROSS - SECTION: POLAR BEAR FUR
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Strands in orb-weaver spider webs[warn birds, attract insects ]

using UV-reflecting silk.
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Bionics - product

Y3 ,

g
o

’:‘)’L Optimal streaming sharks skin

y; Structural Elements enhancing streaming- Micro-structure
l}l possibilities of e.g. submarines for Dolphin Modem
dirt repellent

surfaces




Biomechanics

28 »  Analysis of internal
resistance mechanisms

17; in plants and animals
against external force.

®» Research of
mechanical
movements of Man

Bioarchitecture

Analysis of development of
forms in nature.

Bionics application in Building

Biomechanics

Analysis of growth
processes

Application of
Standardizing - and
Installationprocesses and
manufacturing principles
in construction.




Sea hedgehog Shell

/53. ’??i‘;‘—' s H ﬁ}\ b
SRR e S Y
R

Sea Hedgehog Shell Ursus
Maritimus (minimum amount of
struts resulting in fremendous
Stability)
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The Sydney Opera House.

b e Architekt: Jorn Utzon
' « Construction: 1957 — 1973
» Most fotographed Building of the 20th century

 Desribed in literature as freestanding sculpture
of spherical roofs and sail-like shells*




Haliotis discus hannai

The Sydney Opera House.




The Sydney Opera House.




The Sydney Opera House.

g L L2k 2k s P2k 2ty ]l\ﬁi

Faltdesign (foldingdesign) for Stability; Mr. Miura Japan... Sun Reflectors satellites in
space




Trees as Inspiring Examples in Design

Inspiring
example:
limetree

* Sails imitating
leafs




Trees as Inspiring Examples in Design

Airport Designs Cologne, Jeddah




Trees as inspiring Examples in Design

AR 0 B P EE § L33 Glaskosh 2 & & 3% o 22 8 4+ 1 & 3 Leonardo Glass Cube— # § # % £ Glaskosh 2 # chgh 38 75 % ¢ -
Glaskosh= & % 7 # Leonardo Glass Cubeiz B # & { X I|VL P > %P & BT A kauz i F £ 5~ B~ % = Leonardo Glass Cube °
T2 TO004 o Glaskosh® @ £ ki #a s ¥ A3 By LA KWER € 0 & herhero
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Trees as inspiring Examples in Design




Fruits as inspiring examples for optimized shadowing

Increasing surface

(Switzerland with flattened Mountains!)

x/}lj The skin of the Durian supports shadowing
and reduces heat development by

\ S :




Fruits as inspiring examples for regulating air humidity.

Spruce cone
opens at water
shortage
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Plants as inspiring examples for lightweight design.

Iy %"-’.‘; ' }g‘. » .
R Lt T A
» Cross section of Sandwich-Element

made of GFK and Styrol

GFK: - A s
Advantage: Styrol: ¥ ¢ %

* High stability
* minimum required material
* Recycle ability




The new Lightweight structure

lowest weight

compact volume of transport l 1 l l l ]
fast erection
great load-bearing capacity m

Selfrepair capability analog pipevines l
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Topic 1. ;7 &

bionic car X Q

BIOLOGICAL STRATEGIES

Lightweighting: Scots pine : Scots Pine
... fiber-composite materials. For example, car parts and entire cars ...

Enzymes catalyze cellulose breakdown at high temperatures : hyperthermophillic archaeabacteria
G . the presence of detergents, high salinity, and high ionic content.

INSPIRED IDEAS

CAO and SKO design software :
Department of Biomechanics at the Institute for Materials Research Il of the Karlsruhe Research Centre

.. AG’s (formerly Mercedes-Benz) Bionic Car also used the ...

COLLECTIONS
Bionica

Algolia




S Select two references

@ 1. The Idea of the Bionic Car

@ 2. Fastskinz MPG-Plus car covering

WG R BRF R R ARG

Tripping
boundary layer
from laminar




1. The |Idea of the Bionic Car-shape

» Boxfish& 17 %

» \Ve used the shape and
structure of this
amazing fish.

Mercedes-
Benz

*“1@

/\:1770347“1 — BTG
‘fh‘i Ein LR &3@2@@&@




79 The Idea of the Bionic Car-structure
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The design of the Bionic Car




The advantages of the Bionic Car-1

B RE i@y A b i 7f
THABR S0 WIRE LR K ViE
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Mercedes-Benz

-

» /4% B acd B 4 2.0.255]0.452 %)
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The advantages of the Bionic Car-2

5%% % :".60%51%%:&0 Pﬁiﬁ CAEME_»};@DEM B¢ i
RoEAE ) RERIPEY PRy T bes - 437 i %
2EE

B030% 0 PR T X D Aok o

4.;_
Aﬂ
l
;u;r
\]
ol
=
e
«Q
~
3
D
wn
o
D
-
«Q
D
o
>
\./
\;
2‘3—
ﬁ\
4
N
(=
o
ik
O
S §
>~
3
S~~~
-y



2. Fastskinz MPG-Plus car covering (s # & )

"‘f§' mLKJEfJ i /) L 9'3(%?\@

Typlcal Alrflow Tripping
boundary layer
from laminar
to turbulent

o\ 3 645 57

% aIL 1% %( Eﬂ Airflow with I%St 3

Transition ~.

b4

Thin Wake
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Shark-inspired “skin” for cars improves gas mileage
(i\ P %4 R %R -Shark paint)
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Speedo A% A FEHK 4%DIEEM LR
#&Fastskin Pure... [SPEEDO] AiA...
$2,193 $1,152
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Speedo fastskin
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Bilomimicry Story
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@ The advantages of the Shark paint
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AeroMobhil 3.0 -& x ;7 &

AeroMobil 1.0 ~ 2.0~ 25~ $]3.0 > & * @37 * HRotax 91251827272 » 2L 40 > {72 Bt 74,
e 115 7002 2 o £ 5.2017 & B 48 A o

AeroMobil won't say where it got the motor, but the earlier AM 3.0 prototype used a Subaru motor and

cutaway diagrams in the AM 4.0 brochure show an engine that looks exactly like a Subaru FA motor.

However, AeroMobil representatives tell us the company is in talks with "a major European automaker,"

which means Porsche. Regardless, a car engine is used because an aircraft engine would never pass

emissions testing on the road.
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https://www.motortrend.com/cars/subaru/wrx/
https://www.motortrend.com/cars/porsche/

AeroMobil 4.0

In the air, the AM 4.0 will go an estimated 460 miles with a
single occupant and 320 miles with two people aboard.



https://www.motortrend.com/features/aeromobil-am-4-0-flying-car-preview/




AskNature ldea:
Stormwater control through mimicking nature
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AskNature ldea:
Chaac-ha Water System Collector

®» |nspiration :

BHE Bk F - 55K
= %olution :
» +a:,u§f»;r¢ ARGk R EE
"E oK g /ftpfﬁ%f "'ﬁ%’fﬁﬁzfﬁl’%’f’l{%ﬁ
2.

6,411}%1—‘ —me o




~/

N/

STRATEGY The leaves of some bromeliads capture water and nutrientsin a

Leaves Ca ptu r.e Wate r storage tank via hydrophobic leaf surfaces.

Bromeliads 2
L b = .

0J AskNatwreleam O May18,2016 & Shared with everyone







AskNature Idea: Aiken Eco-Machine
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Optimal arrangement of solar array mirrors

Alexander Mitsos, assistant
professor of mechanical
engineering, MIT

Gemasolar plant in Spain, Andalucia
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Problem

| |
fg{mﬁ ""' " “‘*\\ U'J” e

http://www torresolenergy.com/TORRESOL/home/en

How it works?e

v Hundreds of heliostats reflect concentrated sunlight toward a
central tower.

v Water is heated to steam

v Drives a turbine that produces electricity

- These heliostats takes up a lot of space.



Solution

15t attempt: Put spaces between the mirrors
and staggered them. - Some mirrors shaded
parts of others.

nd attempt: Used numerical optimization;
brought the fanned-out layout closer fogether,
building a spiral-like pattern.

- reduced land use by 10% without affecting
efficiency.



Solution

39 attempt: look to sunflower; twisted each mirror to
be 137 degrees relative 1o its neighbor.

- the optimized layout took up 20 percent less space,
and even increased total efficiency.

0 °®tee
..........
.

o'.:ig‘_ XC:.'.:.
—800 -250 0 250 500
(West) X Position [m] (East)

http://mitsoslab.scripts.mit.edu/index.php2id=1
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Optimal arrangement of solar array mirrors

“ 1st atempt 2nd gitempt 3d attempt

Took up 20 percent

Some mirrors
Opfimally arange shaded parts of Reeligeel lene! Use o spccg,To?cll
heliostats by ten percent nereched 1ofd
others efficiency.
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Heliostat Field Optimization: A New Computationally Efficient
Model and Biomimetic Layout

Corey J. Noone (MIT), Manuel Torrilhon (RWTH) and Alexander Mitsos (MIT,*)
Department of Mechanical Engineering
Massachusetts Institute of Technology
77 Massachusetts Ave
Cambridge. MA 02139, USA

Center for Computational Engineering Science
RWTH Aachen University
Schinkelstr. 2, 52062 Aachen, Germany

* corresponding author: amitsos@alum.mit.edu

December 22, 2011

MIT research:
A new sunflower-inspired pattern
Increases concentrated solar efficiency
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Drag reduction by air release promotes fast ascent
in jumping emperor penguins—a novel hypothesis

John Davenport"*, Roger N. Hughes*, Marc Shorten', Poul S. Larsen’

!Department of Zoology, Ecology and Plant Science, University College Cork, Distillery Fields, North Mall, Cork, Ireland
*%chool of Biological Sciences, Bangor University, Deiniol Road, Bangor, Gwynedd LL57 2UW, UK

Department of Mechanical Engineering, Fluid Mechanics Section, Technical University of Denmark, Building 403,
2800 Kgs. Lyngbhy, Denmark
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»Self-cleaning coating for textiles reduces need
for cleaning chemicals.
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» BioFriend Anti-Microbial
» Targeted filtration technology traps and kills microbes

* Biommicry story

BioFriend i€ i 4 id ¥ “f#%&’\ e b oenie B E A B
RIS GBI T P ik m (}]%—% ) frimfe B (wmpF) Kk
Hhicd o o
Challenges solved

BioFriend = i 4 - & FEIREF it 3R HIN1A) » H5N1
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How Might We actively collect PM2.5 on
the road of urban areas at low coste




Biologized Challenge

\YY
Lo

How does nature actively collect micro parficlese




AskNature ldea

Salps (8%H) capture tiny algae for food by filtering
seawater through a net of mucus.

By muscle, salps create a clam and orderly flow to pull
surrounding water into body. Particles such as bacteria
and plankton diffuse into and adhere 1o the sticky net. In
this filtration system, slaps can capture parcels smaller
an the size of the net.



AskNature |dea

Baleen plates filter food

Baleen (#R528) is a special structure in the mouth of
baleen whale. After taking food, whales use fallen to
green out water while its food, such as krill (B#&), remain
In The mouth because of bigger size.



https://www.google.com/search?q=baleen+&hl=zh_tw&source=hp&ei=qYQtZKmZEMST1e8PufOWqA8&iflsig=AOEireoAAAAAZC2SudnznSthWR8RueOxgZyfd7ukXJHf&ved=0ahUKEwjpkf_r-JL-AhXESfUHHbm5BfUQ4dUDCAs&uact=5&oq=baleen+&gs_lcp=Cgdnd3Mtd2l6EAMyCAguENQCEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEOgsILhCABBCxAxCDAToICAAQgAQQsQM6CwgAEIAEELEDEIMBOhQILhCABBCxAxCDARDHARDRAxDUAjoLCAAQigUQsQMQgwE6CwguEIoFELEDEIMBOhEILhCABBCxAxCDARDHARDRAzoOCC4QgAQQsQMQgwEQ1AI6DgguEIMBENQCELEDEIoFOg4ILhCABBCxAxDHARDRAzoFCC4QgAQ6BwgAEIAEEAo6FgguEIAEELEDEIMBEMcBENEDENQCEAo6CggAEIAEELEDEAo6DQgAEIAEELEDEIMBEApQ-QNY7yNg2yVoAXAAeACAAdwBiAGzBJIBBTYuMC4xmAEAoAEBsAEA&sclient=gws-wiz#fpstate=ive&vld=cid:62695b37,vid:tVmd4xwzqY4

AskNature ldea

Baleen Filters water filters

The Baleen filter is a highly efficient, non-pressurized self-
cleaning separation technology that offers reliable, trouble-
free filtration to 25 microns without chemical assistance.



Other |dea

Sea cucumber (78£2): use tentacles (B&3F) to
sweep particles into collection zone.

Sea cucumber position themselves in currents and
catfch food that flows by with their open dendritic
tentacles.



Other ldeao
Gizzard (%80 #E, (S E)

gather particles by crossflow filtration

Gizzard shad concentrate the particle foods in suspension as
main stream flow tangential to the filter (branchial arches and gill
rakers #84E) surface. This filtration mechanisms is possible to retain
particles smaller than the mesh size.




Some Solutions
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BIOLOGY TO DESIGN: MOTIVATION
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ORNILUX® Bird Protection Glass

Innovation by
ARNOLDGLAS -

Researcher | Arnold Glas

Company | Arnold Glas

—_ -
= — < SR
© ORNILU
' : . CASE STUDY | ORNILUX
What Birds See What We See

Biomimicry.org | AskNatu re.9



BIOLOGY TO DESIGN: MOTIVATION

Mr. Arnold]

[

[ Dr. Meyerhuber]




TECHNICAL DESIGN
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Biological Strategy and Design Strategy for an Owl Feather




WORKSHEET

Biological Strategy and Design Strategy for an Owl Feather

In the biological strategy summary below, highlight or underline the key words and phrases that show
how the owl’s wing feather reduces noise while in flight. Afterward, make a drawing of the biological
strategy based on what you learned, use the words and phrases you underlined to write a design

strategy that explains the key elements that help reduce noise as an object moves through the air and,

draw the design strategy.

Owl Wing Feathers Enable Near-silent Flight

Owls are known as silent predators of the

night, capable of flying just inches from their
prey without being detected. The quietness

of their flight is owed to the anatomy of their
wing feathers, which have a leading edge that
reduces turbulence. Turbulence typically creates
a "gushing” noise when released in large forces.
But the leading edge of the owl's feathers break
up this large turbulence into smaller, micro-
turbulences that reduce the amount of noise.

This leading edge is filled with different structures
(hooks and bows) that create a stiff, serrated edge
of various lengths. As air flows over and through a
feather, these varied lengths and structures cause
the air to be distributed into smaller vortices that
disperse at different times into different directions
(oscillations), breaking up an otherwise single,
large air force. These smaller vortices oscillate at
a higher frequency, creating a pitch that is above
the hearing capabilities of most prey, as well as
humans.

If not for the feather’s serrated edges, there
would be only one, large air vortex formed at the
trailing edge of the feather’s airflow. This large
vortex would produce, in turn, a large force on
the feather. That force would increase turbulence
across the owl’s entire wingspan and, ultimately,
produce more noise.

In addition to the serrated edges, the owl's
feathers are coated in a velvety upper surface and
a soft, downy surface on the lower portion. The
owl's legs are also coated in this soft down. This
layer of softer plumage is believed to absorb more
of the micro-turbulences created from air flowing
over the leading edge of the feathers. However,
the exact mechanism of sound absorption by this
down layer is still under preliminary study.

Image: Close up of the leading edge of an owl flight feather

and the soft surface of the wing. Photo by Kersti Nebelsiek,
CC-BY-SA, via Wikipedia.

Summary: Excerpt from Asknature.

Biological Strategy and Design Strategy for an Owl Feather



0 BIOLOGICALSTRATEGIES ~ INSPIREDIDEAS  RESOURCES ~ COLLECTIONS Q JOIN SIGNIN

0

% ASKNATURE

“silent” "fly"

owendbyRigolia

Life on earth presents elegant solutions to many of the challenges that designers and
innovators face every day. Explore AskNature to find biological strategies, inspired ideas,
and resources relative to your own innovation challenges, so you can begin to emulate the
time-tested forms, processes, and systems that already thrive in balance with Earth’s

complex systems.



Biological Strategy and Design Strategy for an Owl Feather

00 = *silent” *fly" Q JOIN SIGNIN

v BIOLOGICAL STRATEGIES

FUNCTIONS
How mightwe ...

» Move or stay put

> Protect from physical harm

LIVING SYSTEMS
What might we learn from ...

0 Owils : Strigidae




Biological Strategy and Design Strategy for an Owl Feather

O = BIOLOGICAL STRATEGIES ~ INSPIRED IDEAS  RESOURCES  COLLECTIONS Q JOIN

Specialized feathers of the owl enable near-silent flight by nua
altering air turbulence and absorbing noise.

INSPIRED IDEAS

Shinkansen Train
|apan Railways Group




Biological Strategy and Design Strategy for an Owl Feather

This leading edge is filled with different structures that create a stiff, serrated edge of various

lengths. As air flows over and through a feather, these varied lengths and structures cause the
air to be distributed into smaller vortices that disperse at different times into different

directions (oscillations), breaking up an otherwise single, large air force. These smaller

ortices oscillate at a higher frequency, creating a pitch that is above the hearing capabilities

of most prey, as well as humans.




Biological Strategy and Design Strategy for an Owl Feather




Biological Strategy and Design Strategy for an Owl Feather

POOR design

If not for the feather’s serrated

edges, there would be only one,
large air vortex formed at the
trailing edge of the feather’s airflow.
This large vortex would produce, In
turn, a large force on the feather.
That force  would increase
turbulence across the owl’s entire
wingspan and, ultimately, produce

) 42
more noise.



Biological Strategy and Design Strategy for an Owl Feather
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Biological Strategy and Design Strategy for an Owl Feather
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Biological Strategy and Design Strategy for an Owl Feather
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TEGY

Topic 10 sITeaf shapes optimize sunlight

Olive
w AskNature Team @ May 31, 2016 4 Shared with everyone

Leaves of olive trees optimize sunlight harvesting by differing
in shape and being flexible to changing conditions
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IDEA INCUBATOR £)

Optimizing rather than maximizing

how light enters a building

@ AskMature Team

Altering shape of solar-collecting
surfaces to take advantage of

different types of radiation

@ AskMature Team

Designing structures to be
responsive to changing light

conditions and availability



Luli E Poplar

gg AskNature Team @ April 26,2016 48 Shared with everyone

The leaves of trees deal with strong winds by adjusting their
configurations in order to reduce exposure and limit flutter.




STRATEGY

Leaf color and shape enhance cooling effect

Sang Drago

gg AskNature Team @ April 22, 2016 & Shared with everyone

The cooling effects of shade trees in subtropical regions are
most influenced by foliage density and leaf thickness, leaf
texture, and leaf color lightness.




159 Leaf as inspiring examples for solar energy production

Solarglaslayer

Solar collector with bionic Absorber Design , Case hardeneg

Casing alumnum

Absorber

Insulation > 5 |
unselect

Mineralwool
*  Copper piping

o all-in-one Collector containing all system components

o Carrier of warmth flows — instead of pipes — directly on the Absorber
plate in channels, branching out analogue the leaf of a tree

o Considerable improvement of performance at same cost
expenditure

o Design of collector is optimal in size respo ut,
inducing optimal perfusion
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hotosynthesis converts solar energy into chemical energy
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Topic 12 Solar Water Plant - Still & Pump

Stephen Salter, PEng and Joanne Posthumus with the model they built in an hour
on April 6, 2003.




Willow- tree that grows near water and
has long, thin branches




172 The Willow gave me an idea

> -
la ¥ 205 > M ID

A willow tree
transpires hundreds
of lifres of water
every day

Collect the
evaporating water
from contaminated
soils.

4. Water vapour
condenses in the
transparent
container

3. Water evaporates
from the fibres
(the “leaf”)

2. Water wicks up along
the fibres through
capillary action
(the “tree trunk”™)

1. Fibres absorb

S AN / water from
P EX N water-logged soil
,’/ .._/ ; E‘ .\ (the “ro otsn)

- F 4 : . “~

Solar water plant model



173 The first model

ttps://www.google.com.tw/search2biw=914&bih=454&tbm=isch&sa=18&qg=groundwater&og=groundwater&gs_I=im
'9.3..0j0i30k 119.286706.288499.0.288605.11.11.0.0.0.0.108.817.9j1.10.0....0...1.1.64.img..1.10.81 4...35i39k 1 .sPe4pFvDQOg#im

gre=Y3eDH-r2ASEIpM: The well shaft (The I"lTUﬂk“)
could extend fo a significant
length, as it does in a free.
This length could be used to
reach groundwater at some
depth below the surface.




The second model

Clear plastic sheet

Black plastic sheet,
in contact with the
wick fabric.

Air gap

Sloping trough formed
in the plastic sheet to

" collect condensed water.

Fibreglass wick.

Condensing water
collects on the
back of the still,
and so does not
cause solar energy
to be lost by
reflection.



Solar Water Plant - Still & Pump

Produces pure water v The sfill/pump needs

This design can extract
water from water-logged
soil, or from salt water, but
does not need a body of
water such as a stream or
lake.

from ground water, even
if the source is
contaminated with
inorganic materials such
as salf.

Pumps water to the
surface (through
capillary action) and
distils it at the same time.
Can be made locally
with recycled or
inexpensive materials.
Can be made in any size
and shape.

Has a low environmental
impact.

Has no moving parts.

strong sun and
temperatures above
freezing.

v' The still/pump operates

slowly: at the rate of
insolation in equatorial
countries, and at 50%
efficiency, the pump
should provide 2-3 lifres
of distilled water per
mZ2 per day.

v' The evaporating section

will need to be cleaned
or replaced as mineral
salts are deposited there
by the evaporating
water
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MYCOCYCLE

Home Markets FAQ  Our Team Latest  Contact

The New Recycling
Economy

MYCOCYCLE

Mycocycle is addressing some of the world’s hardest to
treat toxic constituents created from plastics and

petrochemical.

Eliminating a significant strain on our ecosystem our
technology diverts materials from landfills, allowing for

reuse into other applications

Home Markets FAQ  Our Team Latest Contact

Solutions made through
nature

Mushrooms break down complex carbons in the natural
world. We applied the science of Mycology to leverage this
solution in the lab and are able to eliminate toxins

naturally.

This process is both cost-effective and sustainable. Once

remediated, the result is a renewable byproduct that is fire

and water-resistant and can be manufactured into new
products—allowing the process to further pay for itself

within the cloced-loop ecosvestern



bamos BT
Y- Fankire 3 4%

-



An example on
‘parallel installation of compressors’









An example on
‘parallel distribution of pipes’
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An example on
‘3 head pipes for even distribution’
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3 head pipes



An example on
‘oxygen/heat exchange’
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An example on
‘accumulator vessel’
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Incoming water Supply
Header Tank

High Pressure Float Valve
Water Flow

Venturi Feed Connectors
One Way Valves

4mm i.d Grommets
Nutrient Containers
In-Line Filter

Diaphragm Pump
Accumulator Vessel
Water Outlet

POB6000000000

0
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