RATDIRED (L7 (B)

Intelligible Introduction to
Aerodynamics
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Aircraft & Jet Engine

Boeing777-300er

Length 73.9m
Width 64.8m
Max Seats 550
Takeoff weight 351 Ton
Maximum Fuel 181kL
Maximum Range 14,500km
Engine GE90-115B
Photo( JAL)

GE90-115B

Length 7.3m
Diameter 3.429m
Thrust 512.9kN(52.3Ton)
Photo( GE Aviation)

- e



https://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:World_map_2004_CIA_large_1.7m_whitespace_removed.jpg

Development of aircraft
after the world war II
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Main factors for flying an airplane
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What is Aerodynamics?

OFlying in the air like a bird had been the
unfullfilled dream for human being before 1903

since ancient time.
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Realize your dreams
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Aerodynamic researches

before the Era of Flight




Aeronautical Pioneer before Wright
brothers

Sir George Cayley( 1804) Otto Lilienthal ‘s glider flight( 1897)
Mechanics’ FMagayine,

MUSEUM, REGISTER, JOURNAL, AND GAZETTE.

No. 1590) BATURDAY, SEPTEMAOER 25, 1852, [Price M., Slampad 44,
Xl by 1. €. Batertaen, M8, Vol strmal.

SIR ORORGE CAYLEY'S GOVERNABLE FARACHUTES.

Photo( Air & Space Magazine)



Wright Brother’s Flight in 1903

Orville Wright
(1871~1948)

Photo( whio.com)
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Photo( space.com)

Wilber Wright
_ (1867~1912)



https://en.wikipedia.org/wiki/File:Orville_Wright_1905-crop.jpg
https://en.wikipedia.org/wiki/File:Wilbur_Wright-crop.jpg
https://en.wikipedia.org/wiki/File:WrightGlidersSideBySide.jpg

Why can we fly the plane “?

Photo( space.com)

Experimentally succeed
@ toflytheplane

Together with
Emergence of Engine,
Aircraft Control,
Materials for plane

Why can we
fly the plane
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Before 1900, we
don’t have the clear-
cut explanation
about flight.



Aircraft Performance (1)

T

@ JAPAN AIRLINES gge‘lyg;g_;agggm-
a; Climbing angle
W; Weight of aircraft NV (W
L; Laft
D; Drag

T; Thrust


https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjq6YW3s4zeAhWEfrwKHQ8QBRUQjRx6BAgBEAU&url=https://www.amazon.co.jp/%E3%83%8F%E3%82%BB%E3%82%AC%E3%83%AF-1-200-%E6%97%A5%E6%9C%AC%E8%88%AA%E7%A9%BA-%E3%83%9C%E3%83%BC%E3%82%A4%E3%83%B3%E3%82%B0777-200ER/dp/B00F5QPAMC&psig=AOvVaw0b9Pq-AK5-rvML9PW9YLHx&ust=1539828778573897

oeing /747-
400 ;W=400Ton,
=500m

Bt R E #9300k

m/Hr&d 5

Photo( JAL)

Velocity on upper surface
40% up (47/120)



http://en.wikipedia.org/wiki/File:PSU-90-125.PNG

Direct application of Newton’s
principle can not explain the real Lift
Za—hOANFOEEDGATIES

N+ R ERBATS G o1

Then F = change of Momentum
= pU2Ssin?a

Lift = F cos a = pU2Ssin?a cos o
Drag=F sin a = pU2Ssin3a

If Lift is proportional to sin?a, the huge wing S the N A
area is needed.
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Theory of Lift by Magnus Effect
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,- Ideal flow past a circular cylinder.
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Ideal flow past a circular cylinder with clock-
wise circulatory motion superimposed.



Principle of the airplane

was first announced L
&
by Cayley
Sir Geroge Cayley(1773- 4 Thrust CK
1857) probably defined for '
the first time the component W elght

of Lift and Drag.

L T U AN
Cayley obtained the profile PPt e S NN S JCI S
shown in the drawing by ;Q. R — :} “g‘{i
measuring the girths of ~L__]
various cross section of
Trout .

The shape of this profile
exactly coincides with

. Above: Sir George Cayley’s sketch of the cross section of a trout. (From

Certa i N mOd ern IOW‘d rag Elef’;ﬂaurmai and MzrsceHaneous No;e-B.on.{: (ca. 1796-1826) of Sir George Capley [Cam-
ridge, rgg?,].) Below: A comparison of Cayley’s trout section with modern
aj rfo|| Sectlons low-drag airfoil sections. Circles indicate Trout; N.A.C.A. 63A016;

—————— LB N-oo016.
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Theory of Flight (1)

a. Frederick Lanchester made two ideas,

namely the idea of circulation as the cause of
lift, and of tip vortices as cause of induced
drag in 1884, but these were qualitative
ideas.

Photo(en.wikipedia.org)




Synthesis of an inviscid, incompressible flow
over an airfoil




Theory of Flight (2)

Kutta and Joukowski
developed the
Quantitative
Circulation theory of
Lift about 1906,

Namely L=pUT

Photo(greatbustardsflight.blogspot.com)



Vortex sheet and Lift of airfoil (2)
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Comparison of Theory and
Experiment for Lift

1.

Kutta and Joukowski’s
condition has the a
salient feature that
determine the magnitude
of circulation.

By knowing the circulation
magnitude, we can
calculate the lift shown in
the latter section.

- . Lift coc:fﬁciént Cr

of an N.A.C.A. 4412 airfoil

versus angle of attack, a.

'The circulation theory of

list is compared with the
experimental result.

—— THEORY
—o— EXPERIMENT

8 16 24 32



Theory of Flight (3)

Ludwig Prandtl| developed
the Boundary Layer
Theory for calculation of
precise Drag of Airfoil.

Prandtl was the father of
modern aerodynamics
and a monumental figure

in fluid dynamics.

Prof. Ludwich Prandti

Photo(en.wikipedia.org)



Schematic display of 3-D vortexes
around airplane

Starting voriex —

shed an takeoff ﬂ—-—-«\)

N ™ wake vortex —

air circulating araund itself
araund the wing



Vortex system around a commercial
airplane

Photo(reddit.com)




Drag & Shock wave(3E i S B K)
Thin Boundary Layer of an airfoil
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Comparison of Drag between thin wire
and airfoil
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Photo(ja.wikipedia.org)




Example of Shock wave

Visualization of
shock around an
aircraft

Photo(wiki.metropolia.fi)



Japanese Aircrafts before WorIdWar 2
 Aircraft Carrier Akagi 3

e Zero Fighter

Bomber IsshikiRikko

Photo(jé.wikipedia.org)
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Photo(ja.wikipedia.org)

https://www.youtube.com/watch?v=cwOeNygSt
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https://www.youtube.com/watch?v=cwOeNygSt3E

Development of MRJ,

Aiming at delivering at
2020

e Co-operation Project among

Photo(ja.wikipedia.com) , .
MHI , other corporation and

Increasing DNA of Zero : :
National prestige ~
Demands of Fighter, Lone Preste Government, Max. 70~90
regional Jet Accumulated by Great Power Seats
Liners sub contract works e Honda Jet

Business Jet for Europe and US

Honda Jet, Honda Group,
Unique Design, Certified

by FAA at 2010, No.1 of
world Sales in 2017

Photo(hondajet.com



Jet Engine D #HLE
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Development of world top level
Jet Engine
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Future aircraft
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