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Challenges : Fuel burn and Noise reduction

DECARBONISATION ROADMAP FOR AVIATION
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4 pillars to achieve net zero CO, emissions in 2050

6 Aircraft and engine technology (efficiency improvements)

6 Air traffic management and aircraft operations
6 Sustainable alternative fuels
1% & Smart economic measures

100
50 12%
l 8%
0 g 2%
2018 2030 2050

= == == Hypothetical reference scenario = Net CO; emissions
I \mproved technology (kerosene) Improved ATM and operations I Economic measures 0
I \mproved technology (hydrogen) Sustainable aviation fuels (SAF) Wi Effect of economic measures on demand * » * ?5 "fu N Coz
waziss Effect of hydrogen on demand Effect of SAF on demand

Results are presented for all flights within and departing from the EU region?. Improving aircraft and engine
technology, ATM and aircraft operations, SAF and economic measures all hold decarbonisation potential. Modelled for
2030 and 2050, the impacts are linearly interpolated. The base year for this study is 2018.
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IATA Roadmap for fuel efficiency improvements by 2050

Incremental Innovation

Mew Engine core concepts
(2" Gen)-25 to 30%

- EN

UltraFan—25%
Hybrid Laminar Flow

10 to 15%
Wireless Flight Control System

Advance Turbofan
20%

Matural Laminar Flow
5 to 10%
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EVOLUTIONARY

TECHNOLOGIES

Disruptive Innovation

Fully-Electric Aircraft

100% (for renewable electricity)
Morphing Wing

2 to B%

Morphing Airframes

Sto 10%

20 [

Blended Wing Body aircraft
up to 50%

Double-Bubble Aircraft
30%

- EE

Open Rotor —30%

Flying without Landing Gear

10 to 20%

Hybrid-Electric Aircraft — 40%
Windowless Fuselage—- 9 to 7%
Truss-Braced Wing/Strut-Braced Wing
10 to 15%

Boundary Layer Ingestion— 10%

REVOLUTIONARY
TECHNOLOGIES

/
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Sustainable aircraft : 2 objectives

a CONSUME LESS

@ CONSUME BETTER

— Improving propulsion efficiency and integration
— Maximizing weight reduction

— Improving aerodynamics

— Sustainable Aviation Fuels

— Hydrogen
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SUSTAINABLE

AIRCRAFT
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Powerplant Efficiency driven by thermal and propulsive efficiency...

High-pressure High-pressure

Fan compressor turbine

Powerplant efficiency

Efficiency of the
core to convert
fuel into work

Increasing engine bypass ratio
= bigger, slower fan

Efficiency of
the fan to
produce thrust

L}
a\ /
- --“ “ ' \
pem——————r—=
Low-pressure Combustion Low-pressure Nozzle ” ‘p .- » ll_'! ll . ‘CL'\
compressor chamber turbine 3 ) ‘

‘,|.

? \ermal efficiency
Increasing engine pressure ratio
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Powerplant efficiency

...but with some limits

= Increasing bypass ratio is key but it brings about new contraints: Fan pressure, weight

100

High

90

80
0

e0 7= Fuel bum optimum

< 8 UHBR configuration

Fuel Burn

Better

Woeight (made equivalent to
thermopropulsive efficiency)

External drag

% useful propulsive power lost
=]

-
.,
L
*
-
.,
a,

Low

Low Bypass Ratio Fan Diameter High Bypass Ratio

Higher Fan Pressure Ratio —_— Lower Fan Pressure Ratio
N I B A S O T A= S U

BPR

/
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Powerplant efficiency

1st solution : Integration of a reduced gearbox

High
ATF (direct drive turbofan .
e i LpT LPT Impact : smaller, less stages
Fuel Burn ncreasing weight of low-
contributes to increasing fuel burn
1 .'
Better Advanced | A
Turbofan !
(ATF) : i>.)'
D Gearedi 5 ................................
. Turbofan; Q » i
., Engine! = Direct-Drive
.-.,.. ' .t Ll LT
......... o >
Low Speed
Low Bypass Ratio Fan Diameter High Bypass Ratio
Higher Fan Pressure Ratio  — Lower Fan Pressure Ratio
Larger fan
Direct-Drive
LPT
High-Speed LPT
Conventional Engine Higher Efficiency, Lower Noise
Smaller and hotter core /—
eramMmeT
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Powerplant efficiency

Fan drive gear system (gearbox)

Ring Gear
Set Halves

Gearbox Sun Journal Torque
Shaft Gear Bearings Frame

TALON™ X

FDG
Coupling

v Gearbox Shaft
Low pressure No. 1 and No. 1.5 oil
i Bearing Support
SE Low pressure Assembly Manifold

o compressor - ~
. \ \ Fan Drive Gearbox

M turbine W 50 & SRR 7Y Planetary Fan Drive Gear System (FDGS)
gz 74 » SO S Enables higher gear ratios; more compact design

Ring Gear
Is Static
Planetary system
Bypass ratio=rig /th, has higher power \
Fan blade density A Sun Gear

Rotates
Quiet revolution. \ kel
The trick is 2 bigger fan wrning slower. The X

enabling technology is an ultra high efficiency \\
and flipht weight gearbox that allows the fan to :
turn at one third the RPM of the engine’s low

turbine. Lower speed means more quict.

Journal bearings
provide weight
competitive gear
system

§ {inp

2

Star Gears &
Carrier rotate
(output to the fan)

Higher gear ratios Improve Propulsive n /—
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Powerplant efficiency

Fan drive gear system (gearbox) : gearbox manufacturers

<MATERIALS AND PROCESSE?)

Materials and processes

Additive manufacturing for

integrated and lightweight design 0; = Race for high modulus steel for reliable and

New metals for advanced heat compact reduction gearboxes

resistant lightweight alloys/next . ) )

generation high strength * Nitrited steels for higher fatigue strength
ERpREslaya * Optimised dimensioning thanks to digital

Next generation o
polymer composites

for high power to weight ratio

Ultra-hardened steel for durable

Advanced ceramics for and compact power transmission

uncooled turbine components

+ INVESTMENT IN MATERIALS AND ORGANISATION
FOR DIFFERENTIATING TECHNOLOGIES

o e el om0t oS Qsarre Heat treatment furnace
: \ \V// Aerospace -
ransmission SAFRAN -
£ ) Technologles <D B4 Kawasaki —
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Fan drive gear system (gearbox) : bearing manufacturers

La ] = o

Project Information

BrEATHE
Grant agreement |ID: 820843

N
(1T
e

Start date End date
1 January 2019 30 April 2022

Funded under
H2020-EU.3.4.

H2020-EU.3.4.5.5.

Overall budget
€998 918

EU contribution
€998 918

Coordinated by
SKF AEROSPACE FRANCE

I I France
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Project Information

PROBATE
Grant agreement ID: 738029

Start date
1 January 2017

Funded under
H2020-EU.3.4.

H2020-EU.3.4.5.5.

Overall budget
€771615

EU contribution
€ 498 246

Coordinated by
SKF AEROSPACE FRANCE

I BFrance

End date
31 December 2022

@ FALG

SCHAEFFLER GROUP

Project Information

HILOGEAR
Grant agreement ID: 755602

Al
mm
wr

Start date
1 May 2017

Funded under
H2020-EU.3.4.5.5.

Overall budget
€ 683 565

EU contribution
€ 450 000

Coordinated by
AM TESTING SRL

I 0 italy

Powerplant efficiency

End date
30 June 2022
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Powerplant efficiency

1st solution : Fan optimization with  UHBR — Ultra High By-pass Ratio

: Parameter Unit BPR5 | UHBR17
UHBR17
1.5 Max. engine diameter [m] 1.748 2.258
Max. engine length [m] 2.829 2.165
Max. nacelle length [m] 3.759 3.269
L
1 Mass breakdown
Inlet kgl | 356.1 702.7
. LPC (FAN) [kg] 46.9 80.9
£-0.5 Booster kgl 162.6 105.1
PP HPC kgl | 172.3 52.1
._g Bruner (kg] 48.3 454
T 0 HPT k] 44 212
24 LPT kgl | 248.8 61.9
Ducts lka] 42.9 64.9
05 Exhaust [kg] | 100.6 20.7
’ Bypass [kg] 274.4 143.1
5 Core nozzle [kal 26.5 59.2
Shafts k] 30.3 29.6
= = Gear box kgl : 197
5 Accessories? [ka] 455 433
results by GasTurb Total mass kal | 2,009 2,017
By 0 0.5 1 1.5 2 2.5 3 3.5 4  ?30% of net engine mass UltraFan & Rolls-Royce

high speed CMC LPT

Length [m]
Vision 5 Vision 10
(MTU Advanced high-load < = = BE ATM ficvance Sii=gen
‘ : 3 _ S W N | A T _
i high speed booster | - () |
A Ei S = § i
ero Engines Next gen aero ﬁ - o | GE

- i @ Aviation | \ ; =)
= g

Low weight — low drag nacelle
Variable area

% SAFRAN
Rolls-Royce *""

fan nozzle
Inlet/fan cowl =
(Fanlet) oTE
H‘—\ — G
@ENo\/AL e Redistributes workload Ap enhg el
3D RTM woven TR . befwaen the [P and tqrblne drives the fan
fanblade A Novel thrust reverser architecture BF s el via a power gearbox,
\ext gen composite fan blades P! ; allowing deletion of the
REdGORGEAoR (FAA CLEEN Il demonstrator) turbines feras

erameT
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% useful propulsive power lost

Powerplant efficiency

Z2nd solution to stretch the limits : Open-Rotor i

Let's go further Remove casin
- . X gs and
Contributors to losses (excluding core) Switch from ducted turbofan
to unducted open rotor
100

Counter rotating propeller

0 3D RTM composite blades

Clean Sky
Propeller pitch

Power Gear Box control system

Fuel burn optimum Gas generator

60 : .
(ducted configuration) Lightweight frpnt
50 Weight (made equivalent to and rear rotating
thermopropulsive efficiency) Optimized nacelle frame
40
Power Turbine

External dra
30 g

Lower nacelle drag
No by pass duct loss

Propeller with lower
efficiency than ducted fan

20

10

&
o
p
"1?
&
5

'19%""»“'\'?'1?%0'&"‘??‘%“’#0909‘h“’@@ﬁ"’@é’@@@@‘@@'\“@@
BPR OQ"°

/

14 L’Avion du Futur : Opportunités ou menaces pour AD ? erameT



Powerplant efficiency

2nd solution to stretch the limits : Open-Rotor i

TR Opm CH Open
Fator Rador

QOpen rotar with counter-rotation

Open olar wih counier.rotaton realised via statorless LP turbine

radlised via power gearbox

Turhine
Cormpression Sysbem
Syslen st System Gombustion

[FIMO e Q e
Geared Design Statorless LP Turbine Design

Figure 11 Pusher CROR drive options

Campression

Counter
rotating
propellers

(CROR,
UDF)

Recovery
vane Puller
(ORAS, config.
USF)

Figure 12 Gas generator layout options (ORAS configuration example) — 2 shafts (left) and 3

Single stage propeller . [ A j o - Variable pitch rear stator
\ shafts (right)

3 configurations

/
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Powerplant efficiency

CFM announcement (14/06/2021)

CFM RISE PROGRAM S SAFRAN

REVOLUTIONARY INNOVATION FOR SUSTAINABLE ENGINES

TARGETING MORE THAN 20% LOWER CO, EMISSIONS

Advancing open fan : Step change in
architectures propulsive efficiency

Advanced materials Hybrid-electric

100% SAF, Build on
hydrogen capability proven technologies

Technology Maturation

erameT
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Powerplant efficiency

3rd solution : New engine core concepts

m New combustion chamber m
] to reduce Nax and particies _
HP Parts technologies [la IO TTes! (S‘.eramlc Matrix c‘_"T‘.P°"‘°5 LP Parts technologies Secondary airflow —,  New, higher-
hrouds, blades and Nozxies - J e |
. optimization and ' ' performance
Fan Pitch (5 A A‘xt’us“lc / high-performance metallic alloys &
: 7 malerials h CMC for
Control 1 7 ] eat exchanger next
|

and active n
Mechanism #, o .o
Waight T - Cooling
Mare Composites

Variable Compact HP ‘
’ (_,
: ‘ syslems High speed LPT
such as woven 3D

20l

]
Additive Manufacturing P
\,_

to reduce number of parts L2 ,
lo smplify struclures N
o Improve weight

(S

LPT target: 25% by 2025

RTM lo improve
weight

Larger fan blades,
OGV, At Fan Frame
LPC casings, ..

High Temp > 2000 K

New-gengration single-

New high crystal materials and
performance advanced cooling
techniques 1o improve

Compact FADEC with metallic alloys
e engine core performanca
"

Fan distorsion
oplimization with
shorter inlet lEﬁM

R ‘ N NG bearings : A ?g
k?“? ‘ 'T‘ and seals e ¢ 4= booster and
A Sy | B

N % j 4 fast variable
e } [ e 6 : 1"' booster

§ SAFRAN

PHM and smarer for next gen
engine capabiities HP disks

N SAFRAR

- o [~ s
b T st e () by-fmemene iy W A B paty Wil T o Wil elinniaien

Moz Ry et B im=ais? beae wy O gy of L3 Vi ol i b Cyed © Commatated b 0 B faryy o Mo e et ik o Lxn

erameT
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Powerplant efficiency

3rd solution : New engine core concepts

HOTTER & LIGHTER: MAJOR LEVER FOR « New nickel-based superalloys to improve
ENGINE DECARBONIZATION thermo-mechanical performance
Maximum temperature of turbine materials * Mastering metallurgy of turbine disks

* Development of materials for turbine and
compressor blades

1,500°C
¥ Atleast ¥ Ceramics
1100°C AN F, - N '
Em ! \3
/;‘.ﬂ/ Metallic superalloys '., |
700°C S
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 S —

Forging high pressure High pressure High pressure turbine
turbine disk turbine disk blade coated with low

conductlvity thermal

3x lighter than comparable metalllc components e

/"

Safran, CMD, 2/12/2021 e fO M eT
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Powerplant efficiency

Improving propulsion efficiency and integration

Same roadmap for all engine manufacturers

Advanced engine Ultra high bypass ratio Open-rotor
(GE9X) (UltraFan) (RISE project)

CURRENT +2025 +2030

Aircraft engines

I Reference Fuel Burn LEAP GE9X 2025+ Engine
S00Nm /CFM56-5BP 2016 2019
Advanced Turbo Fan (LEAP-1

2 EIS 2016 GE9X | 2025+

g -10% ’_ I;IS 2ozoJ TFurbo-Fant LEAPY}

o + CMC Shroud  * Gen1 CMC HPT g Gen2 CMC HPT ﬁ

= O i * CMC Combustor %

8 |-20% : « High Temp Disk e ——

E FAN&  +Composte  *Composite OGV il @
= UHBR (10-16) ook i vt s D ,'1 Installation

5 |-30% ; * 18 blades * Improved Aero

= i E * Improved Aero Light weight adv.

° Open Rotgr | Lo .‘A - = : Components

& £15 2030 | - > = g &5 e LoV | SIS v2e

W |-40% N £ . een-Engine » . P 7 =". RO“S-Royce Blade Compressor

4 7 +Additivemfg = TAPS il Beyond 2025+
4 < ! 4 2 fuel nozzle Combustor

-50%

-

2012 2015 2020 2025 2030 2035 2040 Controls  + Adv. FADEC « Distributed

« Lightweight Controls
externals *» Adv. Fuel Pump

| Unducted Fan &
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Powerplant integration

Next-gen engines integration: larger fan

Open Rotor
~170"

uuuu

a ]
Current 5:1 BPR New 12:1 BPR Current 5:1 BPR Future 18:1 BPR

‘ Unparalleled

/"
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Powerplant integration

New configurations...

& SAFRAN

Semi-integrated engines £

—~
‘\

- a - oy st + ovimell o o ‘b )
Unshrouded engines - : y /

like the Open Rotor

T— Distributed

propulsion

..................

P 7= g =
[ g 2
A
% % G . ?ﬁw - g
- % ') ........... A & e R
- " i W) a — - A L TS =
- > iy ®
- - e - -— — i ) P St m
b‘%,
1 == \ 2 N )51- 5
.................. » » e b 4
[ — = et ﬁ = ces W Y
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Weight reduction

Maximizing weight reduction : more composite/thermoplastic parts

WING-RELATED R&D

INNOVATION
BY DAHER

TRAMPOLINE
Horlzontal
tail plane
Rear spoiler
'WING OF

TOMORROW
Rear false spar
Ribs.

Slat - Sonaca
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TAPAS PROJECT (NLR / GKN Fokker / Airbus)

Customer: Netherlands Enterprise Agency - RVO
R&D: Royal NLR
Partners: GKN Fokker Aerostructures, TenCate, Airbus

SPIRIT AEROSYSTEMS PATENT

............................................................................. A R T

a9 United States
1 Patent Application Publication o) Pub. No.: US 2009/0212155 Al

Huggins et al. (431 Pub. Date: Aug. 27, 2009
(54) ENGINE FYLON MADE FROM COMPOSITE Related LS. Application Data
MATERIAL

[60)  Provisional application No. 610031 883, filed ou Feb.
27, 2008,
i75)  Inventors: Grenrge Larimore H

Wichite, K& (US): Randall Ray Publication Clussification

West, Wichitu, K5 (LS Richard (51) Do CL

Todd Briscoe, Teoten, KS (15): Badid 2726 {2006.01)

John Mickael Welch, Wichit, K5 (82) U8 €L 24454

s (57} ABSTRACT
Comrespondence Address: A load-bearing structure, such as a pylon or strul, comprising
HOVEY WILLIAMS LLP a lithic tubalar-shaped first central 7 1
10801 Mastin Blvd., Suite [0 of compaosite miterial and o pheratity of metw) fGiings for
Orverland Park, KS 66210 {US) STppOrting an engine on an airframe stctire of on nircraft,

snch a3 a wing. Most of the fimings are integrated into the
rad-bearing structure through bonding. The meal fiings

(1) Asignee:  SPIRIT AEROSYSTEMS, INC., carey the high hearing Ioads that are trnsmitted into the pyloa
Wichito. KS (US) at the engine-pylon and wing-pylon interfaces, The load-
hearing structune may also comprise o second central strse-
121 Appl. Mo 12185551 ture of & tubnlar shape composed of composite material and
integrated with one end portion of the first central struciure by

{22y Filed: Aug, 4, 2008 bonding and/or mechanical fastening means.

14
16 10 2 28

e —

+ working on the composite

recycling and cost
manufacturing

/
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Maximizing weight reduction: buy-to-fly optimization

Additive manufacturing Compression molding

Flap track
UPP
Build Option 1 Build Option 2 Build Option 3 Build Option 4 Build Option 5 ER SKN WiTH NTEGRA

(THERMOPAS TED STRNGE
[ — e - & “
Buy to Fly Ratio 12 13 12 20 I ME“N’/

WAAM

Hor ST
Substrate Mass 50 6.5 50 207 11 "G Ra
(g) ’
Deposited Material 151 147 150 118 16.0
Mass (kg)
Waste Material 4.0 5.0 a8 164 1.0 LMR SKN
from Substrate : WiTH NTEGRA
(ka) (NFUSION) TED SPARS & $1R
Number of Build 5 3 4 2 4 . .
Operations
No. of Double 1 1 1 1 2
Sided Operations
Taotal Build 6 4 5 3 &
Operations
Mass Above 159 4.1 11.2 g1 119
Substrate (kg)
Mass Below 0.1 94 5.0 81 43
Substrate (kg)

NGERS

subassembly into a single piece

- Pylon & nacelle geometry
and wing shape optimization

+ alternative process (extrusion,

flowforming,...)

T
Le g[emiar caisgqqcenn'al de voilure monobloc en composite ’-
Sera expédié a Broughton (Royaume-Uni) en aoiit 2021.

4
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Improving aerodynamics : Wing of tomorrow

...Lot of other configurations

New wing design...
> Hybrid laminar flow
»  Winglets, raked wingtips, riblets

~
» Variable camber (morphing) :
> New flap/slat configuration (tracks?) 3

> Wing length and weight g
»  Transfer main landing gear below the fuselage

-

N
»

\

Wing of Tomorrow

tegrated c:-ﬂqneenng
nanuiacture

erameT
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Beyond 2050 : Disruptive architecture

Strut-braced Wing

BOEING

AIRBUS

Strut-braced Wing

Benefits Challenges

Environment Fuel burn
Ground operations
Flight performance

Folding wing

High wings -> space for large engines (UHBR,
open rotor)

27 L’Avion du Futur : Opportunités ou menaces pour AD ?

AIRBUS p

Blended Wing Body

Environment

Blended Wing Body

Comparison between 787 and a BWB

Benefits
Lower fuel burn
Less noise (engine shielding)

Challenges

Ground operations &
infrastructure

Easier boarding & disembarking — shorter
turnaround time, more comfortable

Ground service infrastructure may need
adaptation*

Passenger / Cargo

Large available cargo volume

Passenger acceptance for very large cabin®

Industrial

With the small BWB design, the conceptis now
scalable

Unconventional design processes needed, with
high uncertainties

Family concepts more complex to implement*
High investments

Certification

Emergency evacuation®

* Challenge applies essentially or only to large BWBs, not to small cnes

erameT
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Contribution of new engine technologies to CO, reduction

OPERATIVE TIMEFRAME OF NEXT PROPULSION TECHNOLOGIES

— Green H,-Combustion Turbine
— Green H,-Fuel Cell

— Hybrid driven propulsion (incl.
batteries)

— Open Rotor

— Ultra-high bypass ratio

— Higher bypass and pressure (UHBR) Turbofan

ratios upto L00%
— Lighter materials — Sustainable Aviation Fuel (SAF)! CO, reduction
10-15% 30%
CO, reduction T A —— CO, reduction Va
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Why Hydrogen ?

Emissions (*Fuel masses of equal energy content)

' 1 kg Kerosene *

Air —

3.6 kg €Oz, 1.24 kg Water

I_> * O, Soot. NOx, S0z, UHC
e 11.2 kg Nz Air

‘ 0,36 kg Hydrogen

3.21 kg Water

Y HNOx
I * 9.4 kg Nz Air

Source: Airbus Cryoplane study

00 120 140 160 180 200 220 240 280 280 X0
Temperature [K] -40°C |

Comparison of properties
Liquid Hydrogen vs. Kerosene
@ same energy content

LH2
Kerosene
LH2 " Kerosene
1:28 4:1
Weight Volume
cooled liquid lighter than gasoline  lighter than
* * hydrogen but requires more space gasoiine and
compressed requires less
hydrogen gas space
compressed liquefied natural
natural gas (CNG) gas(LNG)
* * gas:llne diesel
*
heavier than gasoline compressed b
and requires more space avier than
ral batt * ethanol pIunhne gasoiine but
g‘le al battery types methanol requires less space  heavy
00 0.25 0.50 075 1.00 125

energy content per unit volume

requires more storage space
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Lot of advantages:

6 High availability (everywhere in solar system, on Earth,
natural hydrogen is bonded to other elements, mainly as
water and hydrocarbons.)

6 Ability to carry/store energy (highest energy density of all
chemical fuels)

6 CO2 neutral (during chemical reactions)

6 Circular economy in Power-to-Gas : H2 produced from
water by electrolysis, is chemically combined with CO2 in
biogas to produce methane (4H2 + CO2 = CH4 + 2H2),
and water (H20)

But some challenges:

6 Volume - liquefaction

Hydrogen loss du to boil-off

High energy consumption for liquefying hydrogen
Thermal management system

Embrittlement

o & o o

a
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1stchallenge: LH2 cryogenic storage

Hydrogen Powered Gas Turbines
(Gas turbines with modified (in non-pressurised zone
combustion chamber, fuel injectors behind rear pressure
and fuel system) bulkhead)

Liquid Hydrogen Storage

y

7~ AIRBUS _

Fuel Cell
(megawatt scale,
supplementing the gas
turbines with electrical

Power Electronics & Electric Motors power at very high levels
(powered by the fuel cells and injecting of efficiency)
energy onto the turbofan shaft)

© Copyright Airbus SAS 2021 All rights reserved. Airbus confidential and proprietary information. NDA ref. CT1905120

LH2 cryogenic storage requires:

64 High Insulation to minimize heat transfer into the tank
and maintaining the internal temperature

6 Fatigue life: Fueling cycles are potential sources of
fatigue failure in a LH2 fuel tank. Embrittlement due to
low temperatures increases the yield strength of the
material and its endurance limit

6 Empty weight: Increase in the airplane OEW due to
structural reinforcement, insulation and maintenance
facilities required in a LH2 fuel tank

32 L’Avion du Futur : Opportunités ou menaces pour AD ?

Liquid H, tank

H2 systems cold box Gasexlractloﬂ e g g e e

Inner vessel

Outer vessel

Suspension mount

Refuel/Extraction pipe 4

Level probe

\
\\\ Dewar principle insulation

Heater pipe 2

Example of spinning process and simulation

AIRBUS
LIQUID
HYDROGEN HYDROGEN
ATR-72  1.9m . A320 3.6m .I
- __,-/;I
2.0m 5.6m

Tanks may be fabricated from:

6 Aluminum tank wall (liner) + composite layer
6 Polymer liner + composite (carbon fiber) layer
6 Thermoplastic liner

a
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Z2nd challenge : integration of H2 tanks

ENABLEY, »

an D nessn + el

rates, as well as elevated risk of ice formation on the wings.

a) Side-by-Side b) Elliptical c) Oversized

Cryi)plane Kerosene

Fig. 3 Change in fuselage diameter for the CRYO business jet
Figure 20: Potential H, tank layouts include a) side-by-side, b) elliptical, and c) oversized tanks. 9 g 9 !

15.85m

Figure 21 : H, tank layout for A330 aircraft.

Passenger

Tanks for LH2 Section

Biofuel storage Biofuel storage

Figure. 1.3. LH?2 tanks storage scheme Figure. 1.4. A futuristic BWB aircraft
of “Cryoplane” project layout with cryogenic tanks & biofuels

Fig. 2 Cross-section front tank 380 pax aircraft B /
FIG 6. Integration of Forward Hydrogen Tank and En-
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3rd challenge: Thermomecanical impacts on turbofan engines

......................
; Bleed air '
LH2 . cooling system:
tank Liquid Hydrogen Fuel R Fan Fan Gigh
] - nozzle 19
} . ) 1 8

: 1 a pressure L?ev.:sure . m
Lo [ | urbine  pressu Better performance and efficiency...
cooed urbine 1b ¢ Increasing engine thrust during take-off by 14.5%, with
! A/ﬁ— simultaneous reduction of specific fuel consumption by
: . M T Exhaust 62.7%.
| I / nozzle 6 During take-off, the velocity of exhaust gases is by 53.6%
| . N m o L /Hg - _ higher for hydrogen-fuelled aircraft, than for aircraft
S pressue presswe | TOOMOE supplied by kerosene, as well for cruise condition, where
L 1 ; ) engine thrust increased by 18.9% for hydrogen fuel
3500 1800
— e I LPT
3000 = - Bt /\h ’-\.r_‘ - 1600 . thanks to higher gas temperature and
- 7 1400 pressure at the outlet of LPT
[ 1200
£ 2000 N, 1000 8 6 High temperature and pression in LPT but too large
P " 800 5 speed of exhaust gases may be undesirable from
g v 600 3 environmental point of view, as it affects the increase of
1000 w0 noise emitted by turbine engines.
500 [ 2 ¢ Necessity to add heat exchanger to cooling the delivered
0 compressor bleed air
0 -200

H 1 1a 1b 2 3 3a 4 5
Engine control sections

Fig. 3. Pressure and temperature distribution — take off conditions

Preliminary analysis of thermodynamic cycle of turbofan engine /

. L fuelled by hydrogen, Journal of KONES Powertrain and Transport,
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Airbus ZeroE program

Blended-Wing Body

i Turbofan

AIRBUS

Hybrid-hydrogen aircrafts

¢ Hydrogen direct combustion + fuel cells
6 2021-2024 : pre-study for storage

Entry in service in 2035

/"
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Other projects are emerging

FlyZero - Aerospace Technology Institute (ATI) - UK

-~

-

AIRBUS M @ E-T-N

easylJet
s NATS

AEESRTETESE
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JAXA - Japan

Stable Hydrogen Combustor LH2 Electric Pump LH2 Composite Tank
( Low Nitrogen Oxide) ( Small Flow Rate, High ( No Leakage, Metal interface)

Hydrogen Aircraft Concept

(2035 EIS)
Hydrogen Jet Engine
Safety Management Evaluation of Environmental Impact Power Management
( Leakage Detection ) ( Fuel Production, Water Vapor Exhaust) ( Fuel Cell, APU )

/
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Safran H2 roadmap
Maturing hydrogen aircraft technologies

1. Support Airbus in-flight “EarlyDemo” to acquire knowledge TO PREPARE FOR LARGER
about operation and emissions of a liquid H, aircraft ’ SCALE DEMONSTRATOR

» Adaptation of an existing engine

_—

2. Mature H, technologies for aircraft equipment /

* Materials and processes for H, burn ’ @ AIRBUS
* Fuel system technologies (valves, heat exchangers, compressors)

= Injection/combustion

3. Mature fuel cell technologies @1MWe C’)

* Proton Exchange Membrane stacks already demonstrated ’ arianecroup

» Next steps: multi-stack operations, increased power density

+ H, TECHNOLOGY ASSESSMENT will be ready to support the launch
of a new aircraft program

/"
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Consume better : Sustainable Fuels and Electrification

Sustainable Alternative Fuels

Biofuels

Using conventional resources

(biomass, waste, algae, etc.) 100N )
Existing aircraft and

infrastructures

Green synthetic fuels
(Power to Liquid)

from decarbonated hydrogen

Disruptive aircraft, new

“ﬁk"‘\
4 P infrastructures
? ‘ Ligid hydrogen - Higher risk and longer term
&

Hz option

39 L’Avion du Futur : Opportunités ou menaces pour AD ?

Electrification

g power ensray

transmission 100% electrical propulsion 0% Co2 emiSSio
feasibility 100% thermal energy EE

20-50% electrical S "
propulsion, coupled '
with BLI = %
10% electrical D
Propulsion for T/O -
climb and Idle A /

- | Distributed propulsion, electric drive |
Boms
orage

density

Vehicle nm 2035

Large widebody
Middle of market 1500
Regional aircraft 500

Airtaxi 200
GA aircraft 100

Air taxi 25

erameT



Helicopter hybrid propulsion system

I Safran Helicopter Engines
Hybrid Propulsion System

1-3MW

2 Helicopters / Commuters /f .

VTOL / UAVs

<1 100 - 500 kW

General Aviation

Electric Assistance
to Gas Turbine

Hybrid Propulsion

Distributed Hybrid
Prop. toward

Turbo-electric

Today
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+10 yrs

+20 yrs

+ 30 yrs

+ 40 yrs

P EIS

[0
=
@
=
o
-
(v
M
o
.
o
=
im

Helicopter Propulsion

A "
T
‘ = Heawvy HC
Small
50% Series hybrid
Small HIC mgmwﬁm
==
W
10% | * Parallel hybrid
Micro-hybrid @ | :
| 1 i
2015 2020 2025 2030
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Helicopter hybrid propulsion system

I Safran View On Helicopter Engine Business Hybrid systems

opportunities

Growth strategy

Pulled by new means of

o ' o
mobility... | Demand K‘%”

I Mobility |
| a
EIS Hybrid Propulsion Systems | |
Payload >150kg /P“' Logistic |
[ S
, e I LTLIVLTL TP/ 7Y | Canmibalization ®r~ ,CURRENT
i | o
e ! i
- : Replacement
...an_d by conventlor?al | | fi oceloration |
architectures that will : | S J
remain for a long time 2025 © 2030 2035 2040 2045

$ Sustainable need

/
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PLAN D’ACTIONS
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Plan d’actions Stratégie / DMPI / Commerce

Thématique Actions

Commentaires

Parties prenantes

Mise en place copil ISS

Réservoir H2 L
projet a structurer

Focus sur Matériaux, process (forgeage/matricage/fluotournage),

simulation

Poursuite des échanges avec Airbus St Nazaire

Laurent F/L. Bourgeon / A. Blanckaert

Réunion de travail (28/01)

Techday SAE

Evaluation des impacts (fan / turbine BP / Arbre)

Relancer le sujet auprés de Safran

E.Pons, E. Jullian, S. Tierce, B. Picqué, B.
Flageolet, A. Benbahmed, C. Declairieux,
Sandrine B, Sandrine P, L. Foucher

L. Foucher

Mat réacteur Echanges avec Airbus St Eloi

Programmer réunion avec Airbus St Eloi

L. Foucher / A. Ragain / G. Philippe

Echanges avec Asco

Questionner sur l'avenir des rails de volet vs kriigers

Echange avec SN Prendre contact avec SN (management) L. Foucher
Techday SLS Mettre le sujet al'ordre du jour (31 mars, Ancizes) S. Bozzi
Echanges avec Airbus UK Aller ala péche aux infos coté Airbus UK A. Ragain
Projet Aile du Futur Questionner notre partenaire TAI sur ce projet Sandrine B

L. Mourgues, M. Legros

Fan drive gear system (gearbox) Mise en place copil Technique/Commercial

Rencontrer les roulementiers / fabricant d'engrenages / Transmissions
Identifier les nuances répondant aux sollicitations
Etudier si opportunités d'offrir une solution intégrée PL+PM sur

certaines pieces de la gearbox

Sandrine P / L. Bilang / A. Benbahmed

Matériaux H2 Impacts matériaux

Essais cryo sur un panel de nuances + biblio
Contact avec Airbus sur les attentes matériaux pour la

tuyauterie/échangeur thermique.pompes

S. Bozzi

Sensibilisation/Présentation Présentation a équipe DMPI-DA

Date a définir (séminaire)

S. Bozzi/S. Provenchére
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