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The art of Flying...




The lift from the wing
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The lift from the wing
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Batlery and Energy Technologies

Aerodynamic Lift and Drag and the Theory of Flight
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Leading Edge

+ railing Edge
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Wing Chord

Ceneraly the wiag of small sircrart will look Lke the cross-section of the dguse above. 1he
forvenrd pust of am uirfodl is rounded and s eulled (2o Zewding edpe, The afl pust s namow w
tanesed and 3 called tae rraclinp adpe. A eterence lna oflen 1820 in discnssing airtodl 3 18 tha
sherdy AR LRaginacy straight Line joirong the exuzmitics of ke kading and trailing edges.
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undersland bew 10 L= sroduced, we must exsanine & plenonenon

of oy the sclencist Besaould and later called Besaould's Pranciple: The
pressuze ol u Juid Ciguid or ges) decrenses ul puinls where e soved of (e Jud ineneases. [n
olker words, Beenonlld found hat withie the same Hulc. o this case acr, aigh speed How Is
assoviaied wilh Jow pressurs, sad low speed flow wilk bigh pressure, TlZs principle wus s, asad
m explal® changes 11 the pressine af tied fowing witkin a sipe Whosa coss-sectanal asea
varied. In the wide section of the gradually novowing pice, the fuid nowes at low speec,
producing Mk presanre. A8 th Dipe nasows it mu niate ™e fame amoant af tind. In this
narrow seetion, the fluid moves at high sozed, croducice low pressucs,

Arv iwmportant amolicacon of this pherammenom is srunle fn pivieg L e the wing o zn vinyune,
an airtzdl, The atrtoll 43 designed 0 Lnczease the valochv of the acrtlow abeve It sustace. thereby
decreusing pressure above L uirfuil, Simulwmeosly, B2 moust of dee wr on e Jower surfuee of
e adrtedl increases the peessure below. This combination of 2reszuse d2orease Sbove aac Incassss
below produes Ll

Prohably vou e ekl your Datened Teend ool of the wirdow ol a moving zumohile, As you
inclined vour hand o the wond, the force of air pushed agalnse it foccing vour band w rdse . The
airledl gim this case, vour samT) wues deTecting the wimd which, in oen, erecas] e egpaal ared

YDA Pressure oa e Lower SUrace of the alrtoll, foccing 1t 0p and back. The upward
cormparert o this fome = 10 the huckwend eomponent is dnug




—low around a wing

The fluid:
e Homogeneous.
ncompressible.




—low around a wing
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—low around a wing

The flow is governed by the Navier-Stokes equation:

3] § . .
-U - VU] = —V(p + Patm) + pV=U

p[at |




—low around a wing
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—low around a wing

pU - VU = =V (p + Patm)

Along a streamline, I.e. a trajectory:




—low around a wing

,""élcctropncdin Battery and Energy Technologies
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Aerodynamic Lift and Drag and the Theory of Flight
un

Smart Phone / Tablet The wings of birds were the original inspirat cn for the design of serofoils however t was not unil * 79€ that engineer George Cayley
Users Sce carried out the first methodical study of the pe-formance of ae-ofolls. His publication "On Ae-ial Navigaton" 1 1810, marked the beg nning
Altarnativa Navigatian of the scianca of Aerodynamics. Sirce than, rumarous fixad and variable as-afail profiles hava baan developad. inspirad by fish as well as
Below birds, to oplirise |'ft, drag and stalling characteristics over @ wide range of specds and throcugh a variety of fluids.

Spansars
Practical examples of tha princ plas and basic forcas involved are dascribad selow using tha axamplas of Aircraft and Wind Turbinas

m which both depend for their action on the: fiaw of air around acrofails.

Battery Performance Theory Aerodynamic Forces

Impravemant by
Electronic Means

Barnaoulli's Theary of Flight

[Tnhe Tneory of Flight is ofien explained in terms Bernoulli's
Equation which is a statement cf the Conservation of Energy. Ik
siatas that:
« Foranon-viscous, incomoressible fluid in stcady flow, the  AerodynamiclLift - Explained by Bernoulli's Conservation of Energy Law
3um cf pressure, potential and «inetic erercies per unit
volume Is constant at ary soint.
r othe: worcs, [gnaring tha potantial anargy due to altitude:
=  When the velocity of a flud increases. its pressure Lew Prassyrs
decreasas by en equivslent amount lo mainta r the oversll High Vulucily
gnergy. This is knowr s Bernoulli's Principle

According to Bernoulls Principle, the air passing over the top of an
aerofoil or wing musl trevel ‘urther and hence faster thal ar the
travelling the shorter distance urder the wing In the same perod but
tha anergy assoc atad witk the air must *aemain 11a constant at all High Pressure
times. The consequence of this is that the air above the wing has a Le'w Velocity

lower pressure than the &ir belcw belows the wing &nd this pressure
difference creatas the |ift. Alie known a5 the “Longer Path” (EquulTran; t"hcow)

Urfortunately Semoulli's Principle does not explain how an
aeroplans can fly upsice down. Nor does if exslain how gircrefl end
other structures with flat clate wrgs or even kites and paper
aeraplanas car fly or ramzin airborna. Thie ie whara Nawtan's Laws
ccme to the rescue. Sce below.

See also Daniel Bermoulli
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—low around a wing

|
5,0(]2 + p = cst

<

This wing produces lift These wings should not
produce lift, they should both
be equally bad.




—low around a wing

This wing produces lift



—low around a wing
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This wing produces lift



—low around a wing




—low around a wing
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Flow around a wing
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—low around a wing
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ls Bernoulli wrong ? No, it is correct but...

Low pressure implies higher velocity !
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slow speed — high pressure




Curvature implies pressure gradient

Good designix.

‘\

bad design
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Wingtip Vortex
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Come and pick up your Christmas gift:

A walkalong glider by Slater, a wonderful teacher
dedicated to science.

If you like DIY experiments you have to visit his website:
hitp://www.sciencetoymaker.org/
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