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AFyzi k8l n2 podm2nky
Energeti ck8 n8Srolnost ©pro
Produkce tahu vygaduje zvIigen?2 toku
plynT proch8zej2c?2ch pohonnou jedno

kinetick® energie. PotSebnl vikon p
propul sn?2m Bprepulsdomemiotho d 8§ wdpulsoru motor.
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AFyzi k8l n2 podm2nky

Vni ti$Srepel n§8 YW i nnost
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AFyzi k8l n2 podm2nky
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The World Aviation - 1950 to 2012
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ASoul asnl trend
Gl ob81 n2 dopravn?2 vikony
dopravn2ch pProolsettS ecdeksTt.uj 2

WORLD TRAFFIC VOLUME, measu: 2d in passenger-kilometers (pkm), will
continue to balloon, with higher-speed tiansportation* gaining market share.
By 2050, automobiles will supply less than twu fifths of global volume.

*Includes high speed rail and air transportation

Source: Andreas Schafer and David Victor
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Pol et Yumrt?2 naletéchg8ddoprava 0. 07
J2zda na motocyklu je v2zce neg 300
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Air Transport is Extremely Safe and Reliable... q

motorcycle

driving a car

riding a ferry
commuter rail/Amtrak
subway/city rail | 0.24
ridingabus | 0.11

riding an airplane | 0.07 election.princeton.edu

0 10 20 >200
Deaths per billion miles of travel

Data: lan Savage, http.//faculty.wcas.northwestern.edu/~ipsavage/436.pdf
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RTzn® sc®n&§Se vivoje produkce
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Emissions reduction roadmap

== “Frozen technology” emissions

1 Known technology, operations and infrastructure
measures

0 Biofuels and additional technology
== Carbon-neutral growth 2020
== Gross emissions trajectory
B Economic measures

Tech

CO, emissions

(schematic) |

No action

————= CNG 2020

N .50% by
2050

2005 2010 2020 2030 2040

2050
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Obt okovIli pomnRr
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Obt okovI pomDr

Vyrobce Vyrobce
motoru letounu

Motor i  Gondola : Letoun
Zvysovani i ZvySovani : Snizovani
Celkové : Rozmérd Odporu
Géinnosti : Odporu Hmotnosti
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motor letoun



ASoul asnl

Dal g?2

Pl nNDn?2
a hluku

trend

podm2 nky
st 8§l

e

pS2snhNjg2ch

Reduce Emissions

P

NOx standard J.ges

100%

80%-

o
S
R

Cycle Aggregate Emissions

Standard

AEP/6

&

co? jﬁ(ﬂ(

2016

AEP/8

Standard

nvPM

2019

I I 1

!

1

Cumulative Noise Margin to

)

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Chapter 3 (EPNdB)

pSedpi sT

10 -
Chapter?

|_..C|laltef.3....|
| Chapter 4

(S}
1

o
1

Chapter 4

1
(S ]
1

—
o
1

-15 | | |
1960 1970 1980 1990 2000 2010 2020 2030



ASoulasnl trend

Dal g2 podm?2 nky
PlnhRNn2 st&8le pS2snhNjg2ch pSedpisT
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A Soul asnl trend
Dal g2 podm?2nky

Odol nost motoru pSi
krystaly ve vel klec

* No indication on radar
* No visual contact with cloud

*Noice on fuselage and wings

Adapted from original by Geoff Coulson, ES8
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Dal g2 podm?2 nky

Odol nost motoru pSi nN8&mraze zpTsob
vi gk 8§ ch

National Aeronautics and Space Administration
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Konstrukl n?2 Segen?

Physical Size of Modern Engines Is lmpessive. ..
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Specific Fuel Consumption of Aircraft Engines at Cruise
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A Soul asnl trend
Konstrukln2 Segen?
Letouny s kolmlim startem
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K Ons t r u k ! N 2 % Pratt & Whitney

Pratt & Whitney PW1000G e
Pl anetovl reduktbowNtsg D
satel i tT umognDnI pougi
zajigthNn2 pSenosu vysok

Planetary Fan Drive Gear System (FDGS)
Enables higher gear ratios; more compact design

Ring Gear
Is Static

Planetary system
has higher power

densi
v Sun Gear

Rotates
Journal bearings
provide weight b
competitive gear - "'“‘j:
system

4 Star Gears &
Carrier rotate
(output to the fan)

Higher gear ratios Improve Propulsive n

Mi ni mali zace hmotnosti dvouproudov®|

~

Vi konov® turb2ny a sn2gen?2m ot 8| ek |


https://en.wikipedia.org/wiki/Pratt_&_Whitney_PW1000G
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Nov® materi 8ly
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Nov® materi 8ly
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Nov® materi 8l vy
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Additive manufacturing

General Electric  Aviation Czech RS aE

VI voj nov®ho turbovrtul ov®ho
Electric GE93 vyroben®ho zDtskén g 2

pro letoun Cessna Denali
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ASoulasnl trend
Additive manufacturing

Viroba tvarovhD velmi slogitlch soul
cel kT j e umbDtgkefd.na 3

NejnovhDjg2 technologie dokonce umog

soul §8st rTznIlmi na sebe navazuj2c?2m
m2stn? nam8hg8n2, teploty a dal g? me
vlastnosti.

Forecast: Manufacturing Innovation \

Materials compositions
* Changing materials within a part
* Enabling intricate repairs

Additive revolution will stimulate

advancement in conventional
manufacturing technology

Impossible shapes made easy
* Cooling flow schemes enabled
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Additive manufacturing

Additive Manufacturing Will Benefit
Small Parts First

Enabling Intricacies Not Possible Before
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Additive manufacturing

CESSNA DENALI firmy TEXTRON s motorem General
Electric GE 93
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Additive manufacturing
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A Vize do budoucnosti
Blended ving-body
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A Vize do budoucnosti
Distributed propulsion




A Vize do budoucnosti
Electrical propulsion




A Vize do budoucnosti
Electrical propulsion

NaTal’

Technologies benefit more electric and )

« Turbo/hybrid electric
hybrid-electric aircraft architectures: / —=

distributed propulsion

« High-power density electric motors SIS

replacing hydraulic actuation

» Electrical component and
transmission system weight
reduction

« Hybrid electric 150 PAX
» Turboelectric 150 PAX

» Hybrid electric 100 PAX regional
» Turboelectric distributed propulsion 150 PAX
« All electric 50 PAX regional (500 mile range)

« Hybrid electric 50 PAX regional

» Turboelectric distributed propulsion 100 PAX
regional

» All-electric, full-range general aviation

« All-electric and hybrid-electric
general aviation (limited range)

Power Level for Electrical Propulsion

Today 10 Year 20 Year 30 Year 40 Year



A Vize do budoucnosti
Electrical propulsion

Electric Motors/Generators

N\

« Large capacity light weight electric /
motors from current 2-4 kW/kg to 14
(7x increase) by 2020

8] =
D I I o’
l /"l Ik“ /l\g] . .a‘lm!lh motors ,” ‘ .’
12 / // NASA
ston engines ’ J,
B piston engine o ) (ATAA-2010-276
10 4 turbine gines 7 ,' L
GE-90 Turbofan
g e :\ P
FOX ‘
H MW V10 FI
6
|
GE Marine Turboshaft
| l
0% @
2 l
m o ¢ @ ]
0 . m
0-’ -
| 10 10000 100000
P kW)

Specific power density of current piston engines (squares) and electric motors (circles).

Ref: NATO-AVT 209-09, ‘Electric Flight — Potential and Limitations’ by M. Hepperle, German 2500RPM, 50kg, 260kW (5kW/kg)

Aerospace Center, Jan. 2013 . oo
Ref: March 25, 2015 Press release “Siemens unveils electric motor for aircraft Siemens motor for electric aircraft

14 Canada's RTO




A Vize do budoucnosti
Electrical propulsion

Major components of an hybrid propulsion system

;f i

e
VA

Elec. motor

@ Power electronics

X |
A 4, : (
Generator i‘




A Vize do budoucnosti
Electrical propulsion

 Current gravimetric energy density needs to grow:

* 10x for regional aircraft applications
* 50x for large scale commercial applications

factor GO

."l Kerosene
10000 |‘ i i
{ Ethanol O OLPG Propane
| Methanol ()
LiOH Nano-Wire Battery H, liquid ()
| | () (-) - T factor 18
LiOH Battery |/ r CINT H, 700 bar
1000 JHO ‘

NiMH Battery o) ® [
NiCd-Battery () |

:) | Pb-Battery

volume specifc energy V* [Wh/liter]

100 1 l‘ll'\.‘\.llt‘llhf;_\\| O
O |
. .Ii(](] bar l'Ulll]}I'l'l.‘-.‘il'tl air
! Ref:NATO-AVT 209-09,
H; 1 bar ‘Electric Flight — Potential and

O Limitations’ by M. Hepperle,

German Aerospace Center,

1 ' ' Jan 2013
1 10 100 1000 10000 100000

mass specifc energy E* [Wh/kg]

Current battery technologies per mass and per volume of different energy storage systems
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A Vize do budoucnosti
Electrical propulsion
Innovation through in-flight experience, with DGAC support

E-Fan
100t Flight
performed on
June 19th,
2015

E-Fan
Channel

Crossing July
10th, 2015

AIRBUS

ISABE, October 27, 2015 Page 17 GROUP
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A Vize do budoucnosti
Electrical propulsion

Turb2novl motor s elektrickIm gen:
kterl zajigSuje supravodivost vod
el ektrickl gener8tor s el ektromot
di stri buovan®ho pohonn®ho syst ®mu
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A Vize do budoucnosti

Electrical propulsion

El ektricklI
pSechod od
ViraznhD Yl

m®n I |
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Electric Propulsion is a Bigger Change than
Going from Piston to Turbine Engines

Electric Propulsion Penalties
Energy Storage Weight (60x worse than aviation fuel)
Energy Storage Cost (Tesla 65 kWhr battery is ~$25,000)
Certification?

Electric Propulsion Benefits
~2x efficiency of turbine engines, 3-4x efficiency of piston engines
High efficiency across 50% rpm range
6x the motor power to weight of piston engines
None air breathing - No power lapse with altitude or on hot days
Extremely Quiet
Zero vehicle emissions
10x lower energy costs

Electric Propulsion Integration Benefits
Scale independent
Power to weight and efficiency don't degrade at smaller sizes
Extremely compact
High Reliability = Few moving parts

Hydrocarbon fuel cost has tripled in constant year dollars since 1999 with constant
energy density, while batteries have tripled in energy density.

&

Abstract from:
“Misconceptions of Electric

Emergent Aviation

Aircraft and their

Markets”

Mark D. Moore and William J. Fredericks ,
AIAA SciTech, Jan 12-15, 2014

E-THRUST

AIRBUS

ISABE, October 27t, 2015 Page 14

GROUP



A Vize do budoucnosti
Al ternati vn?2 palil va

Selected Energy Densities

Aluminum
[]

Magnesium  Polystyrene Lithium Borohydride

Iron U * epolyethylene  ®
’

L]
Zine o fat Metabolism® Diesel
Polyester QGasol ne
3 o Al
Sugar Metabalism ¢ bxkancl #LPG Butane 8 .
¢ lGasahnI E85 e LPG Propane

#Glucose  ® Ethanol \ | .
Lll um ¢ Liquid Natural Gas

e ﬁ;‘t@rle
Sod i
A Natural Gas (2501 J_l L\qmd‘gen
v .
------ Hydrogen Gas (700 bar)
'

#2inc-Alr Battery

Hydrogen Gas
40

Natural Gas
60

40 80

M)/Kg

100 120

Energy density of fuels - horizontal per mass, vertical per volume
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Al ternativn?2 pal il va

EU PROGRAMME



A Vize do budoucnosti
Integrace draku a pohonu

“Fuselage Fan”

Planetary
Gear System

) ftfahrt
@ BauhausAlI-gw Wege.

- Core Engine
B (Gas Turbine)

“S” Duct

Tapered
Fuselage

Structural
Integration
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Integrace draku a pohonu
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Where are we heading to?

. NASA N+3
» High OPR DLN
combustors (OPR~60+)
» Highly loaded
turbine/compressor
* Super alloys
+ Single crystal alloys . NASA N+2
ACARE Vision Uncooled core engine
2020 components
« Pulse detonation
combustion
« 3D printed components
(O NASA N+1 - High OPR DLN combustors
(OPR ~70+)
« Constant volume
combustion
« Composites (MMCs, PMCs
& CMCs)

Canada's RTO

ACARE
Flightpath
2050

Distributed (turbo-electric)
propulsion

Hybrid-electric propulsion
systems

Integrated engine-aircraft
design

Energy storage







