
L’AVION DU FUTUR : 

OPPORTUNITÉS OU MENACES POUR A&D



Challenges : Fuel burn and Noise reduction

Source : Destination 2050 Report, 2021

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

DECARBONISATION ROADMAP FOR AVIATION
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4 pillars to achieve net zero CO2 emissions in 2050

 Aircraft and engine technology (efficiency improvements)

 Air traffic management and aircraft operations

 Sustainable alternative fuels 

 Smart economic measures



IATA Roadmap for fuel efficiency improvements by 2050
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Incremental Innovation Disruptive Innovation
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Sustainable aircraft : 2 objectives
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CONSUME LESS

SUSTAINABLE 

AIRCRAFT

→ Improving propulsion efficiency and integration

→ Maximizing weight reduction

→ Improving aerodynamics

CONSUME BETTER

→ Sustainable Aviation Fuels

→ Hydrogen

Cost-cutting policy
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CONSUME LESS



1 POWERPLANT EFFICIENCY & INTEGRATION
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2

AERODYNAMICS3

WEIGHT REDUCTION
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Powerplant Efficiency driven by thermal and propulsive efficiency…
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Powerplant efficiency
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Efficiency of 

the fan to 

produce thrust

Efficiency of the 

core to convert

fuel into work



…but with some limits
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 Increasing bypass ratio is key but it brings about new contraints: Fan pressure, weight
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1st solution : Integration of a reduced gearbox

Powerplant efficiency

Smaller and hotter core

Larger fan

Incremental
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LPT Impact : smaller, less stages
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Fan drive gear system (gearbox)
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Powerplant efficiency



Fan drive gear system (gearbox) : gearbox manufacturers
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Powerplant efficiency



Fan drive gear system (gearbox) : bearing manufacturers
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Powerplant efficiency



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

L’Avion du Futur : Opportunités ou menaces pour AD ? Evaluation of ultra-high bypass ratio engines for an over-wing aircraft configuration, 2018 - TU Braunschweig, Institute of Jet Propulsion and 

Turbomachinery, German Aerospace Center,

UltraFan

Powerplant efficiency

Incremental
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2nd solution to stretch the limits : Open-Rotor
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Disruptive

Powerplant efficiency
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2nd solution to stretch the limits : Open-Rotor
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Disruptive

Powerplant efficiency
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CFM announcement (14/06/2021)
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Powerplant efficiency
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3rd solution : New engine core concepts  

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

Powerplant efficiency

Incremental
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3rd solution  : New engine core concepts

Safran, CMD, 2/12/2021L’Avion du Futur : Opportunités ou menaces pour AD ?

Powerplant efficiency
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Improving propulsion efficiency and integration

Same roadmap for all engine manufacturers
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Advanced engine

(GE9X)

Ultra high bypass ratio 

(UltraFan)

Open-rotor

(RISE project)

CURRENT +2025 +2030

Powerplant efficiency
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Next-gen engines integration: larger fan  
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Powerplant integration



New configurations…
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Powerplant integration



1 POWERPLANT EFFICIENCY & INTEGRATION
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2

AERODYNAMICS3

WEIGHT REDUCTION

22



Maximizing weight reduction : more composite/thermoplastic parts
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Weight reduction

SPIRIT AEROSYSTEMS PATENTTAPAS PROJECT (NLR / GKN Fokker / Airbus)  

Upper Spar 

+ working on the composite 

recycling and cost

manufacturingSlat - Sonaca

23



Maximizing weight reduction: buy-to-fly optimization
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Weight reduction

Additive manufacturing

Flap track

Compression molding

subassembly into a single piece

+ alternative process (extrusion, 

flowforming,…) 

24

Shape optimization



1 POWERPLANT EFFICIENCY & INTEGRATION
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2

AERODYNAMICS3

WEIGHT REDUCTION
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Improving aerodynamics : Wing of tomorrow
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New wing design…

› Hybrid laminar flow

› Winglets, raked wingtips, riblets

› Variable camber (morphing)

› New flap/slat configuration (tracks?)

› Wing length and weight

› Transfer main landing gear below the fuselage

…Lot of other configurations

Aerodynamics
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Beyond 2050 : Disruptive architecture
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BOEING

Strut-braced Wing

BOEINGAIRBUS

Comparison between 787 and a BWB

AIRBUS

Blended Wing Body

Aerodynamics



CONSUME BETTER
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1

2

HYDROGEN

SUSTAINABLE FUELS & ELECTRIFICATION



Contribution of new engine technologies to CO2 reduction

Aircraft Technology Roadmap to 2050 – IATA, 2019L’Avion du Futur : Opportunités ou menaces pour AD ?30

1 Current/operational

2 2020-2030

3 2030+

→ Open Rotor

→ Ultra-high bypass ratio 

(UHBR) Turbofan

→ Sustainable Aviation Fuel (SAF)1

→ Green H2-Combustion Turbine

→ Green H2-Fuel Cell

→ Hybrid driven propulsion (incl. 

batteries)

OPERATIVE TIMEFRAME OF NEXT PROPULSION TECHNOLOGIES

→ Higher bypass and pressure 

ratios

→ Lighter materials

Up to 100%
CO2 reduction

30%
CO2 reduction

10-15%
CO2 reduction 1 Without Carbon Capture 



Why Hydrogen ?
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Lot of advantages:  

 High availability (everywhere in solar system, on Earth, 

natural hydrogen is bonded to other elements, mainly as 

water and hydrocarbons.)

 Ability to carry/store energy (highest energy density of all 

chemical fuels)

 CO2 neutral (during chemical reactions)

 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:  

 Volume → liquefaction

 Hydrogen loss du to boil-off

 High energy consumption for liquefying hydrogen

 Thermal management system

 Embrittlement



1st challenge: LH2 cryogenic storage
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LH2 cryogenic storage requires: 

 High Insulation to minimize heat transfer into the tank 

and maintaining the internal temperature

 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

 Empty weight: Increase in the airplane OEW due to 

structural reinforcement, insulation and maintenance 

facilities required in a LH2 fuel tank

Tanks may be fabricated from: 

 Aluminum tank wall (liner) + composite layer

 Polymer liner + composite (carbon fiber) layer

 Thermoplastic liner

ATR-72 A320



2nd challenge : integration of H2 tanks
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3rd challenge: Thermomecanical impacts on turbofan engines

Preliminary analysis of thermodynamic cycle of turbofan engine 

fuelled by hydrogen, Journal of KONES Powertrain and Transport, 

Vol. 25, No. 3 2018L’Avion du Futur : Opportunités ou menaces pour AD ?34

Better performance and efficiency…

 Increasing engine thrust during take-off by 14.5%, with 

simultaneous reduction of specific fuel consumption by 

62.7%. 

 During take-off, the velocity of exhaust gases is by 53.6% 

higher for hydrogen-fuelled aircraft, than for aircraft 

supplied by kerosene, as well for cruise condition, where 

engine thrust increased by 18.9% for hydrogen fuel

… thanks to higher gas temperature and 

pressure at the outlet of LPT  

 High temperature and pression in LPT but too large 

speed of exhaust gases may be undesirable from 

environmental point of view, as it affects the increase of 

noise emitted by turbine engines.

 Necessity to add heat exchanger to cooling the delivered 

compressor bleed air

LPT

900-1000°C



Airbus ZeroE program
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Hybrid-hydrogen aircrafts

 Hydrogen direct combustion + fuel cells

 2021-2024 : pre-study for storage 

Entry in service in 2035



Other projects are emerging
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FlyZero - Aerospace Technology Institute (ATI) - UK JAXA - Japan



Safran H2 roadmap
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1

2

HYDROGEN

SUSTAINABLE FUELS & ELECTRIFICATION



Consume better : Sustainable Fuels and Electrification 
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Sustainable Alternative Fuels Electrification
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Helicopter hybrid propulsion system
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Helicopter hybrid propulsion system
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PLAN D’ACTIONS



Plan d’actions Stratégie / DMPI / Commerce
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Thématique Actions Commentaires Parties prenantes

Réservoir H2
Mise en place copil ISS

projet à structurer

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

simulation 

Poursuite des échanges avec Airbus St Nazaire

Laurent F/L. Bourgeon / A. Blanckaert

Réunion de travail (28/01) Evaluation des impacts (fan / turbine BP / Arbre)

E.Pons, E. Jullian, S. Tierce, B. Picqué, B. 

Flageolet, A. Benbahmed, C. Declairieux, 

Sandrine B, Sandrine P, L. Foucher

Techday SAE Relancer le sujet auprès de Safran L. Foucher

Mât réacteur Echanges avec Airbus St Eloi Programmer réunion avec Airbus St Eloi L. Foucher / A. Ragain / G. Philippe

Nacelles Echange avec SN Prendre contact avec SN (management) L. Foucher

Train Techday SLS Mettre le sujet à l'ordre du jour (31 mars, Ancizes) S. Bozzi

Echanges avec Airbus UK Aller à la pêche aux infos côté Airbus UK A. Ragain

Projet Aile du Futur Questionner notre partenaire TAI sur ce projet Sandrine B

Echanges avec Asco Questionner sur l'avenir des rails de volet vs krügers 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 pièces 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 à équipe DMPI-DA Date à définir (séminaire) S. Bozzi/S. Provenchère

UHBR

Ailes


