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Figure 1- Technology has been assessed against the NASA Technology Readiness Level (TRL) scale
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Advanced generation - increased life, lightweight, improved performance

Advanced generation demonstrated on-ground

Model validation through flight test

Advanced metallic, composite and novel manufacturing processes

Failure modes and acceptable
rates of leakage standards

Cold temperature monitoring, NDT, preventative solutions -
defects in walls, joints and insulations etc.

Empirical data from in-service experience

Continued development of inspection and maintenance
procedures in line with system and tank technology evolution
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Integrated metallic LH, tank demonstrated on-ground Composite LH; tank Integrated novel material lightweight tanks
Metalhf/le_;zelr;ressure Composite pressure vessels Novel material lightweight tanks

High performance, . : .
low weight Lower density and higher thermal efficiency foams
High performance, : : : : :
low weight Low weight vacuum jacket walls and insulation materials

Alternative low density high performance insulation materials and explore multi layer insulation technologies

~
~
>
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Application of novel processes and materials for tank liners
Management of thermal and flight loads - tank / airframe Continued development in line with airframe technology advancement
structural interface

Sparking, lightning and electromagnetic hazard
protection

Continued development in line with technology advancements for tank and fuel system protection

Configurations to minimise airframe weight and maximise use of space, reduce turnaround times, improved operability
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Cryogenic NRVs (mechanical)
validated in relative environment

Cryo SoVs (single flow / press)
validated relative environment

Cryogenic SoVs (bi-directional)
validated relative environment

Mechanical PRV (subsystem)
validated relative environment

Autogenous pressurisation system -

using heat exchanger to convert LH, to GH,

Boil-off venting system (release of H, into

the atmosphere in failure cases only)

Highly efficient system performance
by managing fuel temp. stratification
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Integrated LH, engine feed Advanced generation engine feed system Continued improvement of
system demonstrated on-ground demonstrated on-ground engine feed system

Other / alternative pump types

validated relative environment

Improved pressurisation system
Improved system - reduced release of H, to atmosphere

Continued development of fuel system efficiency through temperature management

Active cooling systems to manage tank fuel pressures and temperatures

P & T management, A/C handling -
modelling, subscale testing, design solutions

Continued development of sloshing modelling and management solutions
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/ ° § System Integrated refuel / defuel system demonstrated on-ground Continued development of refuelling/defuelling technologies integrated with ground support equipment
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QQ Equipment LH, refuel / ground venting coupling Continued development in line with improvement in system technologies
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o3 . Tank & pump pressure switches : : :

e Press Switch (diaphragm) More reliable, and longer life pressure switches

'E LH, t t

emperature sensors : :
o Temp. Sensors (I%ibre gragg Grating) More reliable, and longer life temperature sensors
o
Flow Meters Supefrgrr |;uecdaLIj28\;vnsceynsors More reliable, non intrusive flow sensors
f Press Sensors Prlea'sgggtsoer;seor:\s/i\r/grl’gcrzlgéerg N Continued development in line with improvement in system technologies
o T Temperature sensors validated in : o oy . :

\ emperature laboratory environment Continued development in line with improvement in system technologies
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ipes ryogenic insulated stainless-steel pipes ighter, more reliable, leak mitigation pipes
LH, Pip C lated | | Ligh liable, leak
Connectors Cryogen|cﬂ§i%%5>§§%nnectors/ Continued development in line with improvement in pipe technologies
LH, Sealing LH, seal technology for aircraft LH; self-sealing breakaway valve

LH, Lubrication

GH, Pipes

Pipes & Sealing
Technology

GH, Sealing

GH, Lubrication

\

LH> lubrication technology for seals & . :
2 moving partsgy Increased service life, reduced maintenance
GH, pipes Lighter, more reliable, leak mitigation pipes
GH, seal technology for aircraft GH, self-sealing breakaway valve
GHs lubrication technology for seals & ST ;
Increased service life, reduced maintenance
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ABOUT FLYZERO

Led by the Aerospace Technology Institute and backed by the UK government, FlyZero began in early 2021 as an intensive research project investigating zero-carbon emission
commercial flight. This independent study has brought together experts from across the UK to assess the design challenges, manufacturing demands, operational requirements and
market opportunity of potential zero-carbon emission aircraft concepts.

FlyZero has concluded that green liquid hydrogen is the most viable zero-carbon emission fuel with the potential to scale to larger aircraft utilising fuel cell, gas turbine and hybrid
systems. This has guided the focus, conclusions and recommmendations of the project.

This report forms part of a suite of FlyZero outputs which will help shape the future of global aviation with the intention of gearing up the UK to stand at the forefront of sustainable
flight in design, manufacture, technology and skills for years to come. To discover more and download the FlyZero reports, visit ati.org.uk

ACKNOWI EDGEMENTS

Lead authors FlyZero would like to acknowledge the support and expertise provided by the following individuals or organisations noting the conclusions shared in this report are those of
the FlyZero project: Airbus Defence and Space, CAA, Cranfield University, Costain, Eaton, GKN, HSE, Norton Straw, Reaction Engines, Rolls-Royce PLC, High Value Manufacturing

John Turner Catapult (NCC), TISICS, UKLS, TWI, WEC.

Fuel Storage

Stephanie Contaut FlyZero contributing companies: Airbus, Belcan, Capgemini, easyJet, Eaton, GE Aviation, GKN Aerospace, High Value Manufacturing Catapult (MTC), Mott MacDonald, NATS,

Fuel System Lead Reaction Engines, Rolls-Royce, Spirit AeroSystems.

Co-authors

Alessio Tarantino

Fuel Storage Lead These roadmaps have been developed with a view to accelerate zero-carbon technology development and maximise the potential future value for the UK.
Andrew Masson They are unconstrained by the availability of funding.
Fuel System

Department for

Business, Energy

& Industrial Strategy

FlyZero was funded by the Department for Business, Energy and Industrial Strategy.
Front cover image © AT/

Copyright 2022 ATI. Parts of this document may be accurately copied, reproduced or redistributed only if unedited, unaltered and clearly credited to the Aerospace Technology Institute and the document title specified.
This excludes images for which permissions from the copyright holder must be obtained. Aerospace Technology Institute registered in England and Wales Company No. 08707779 with its registered office at Martell House,
University Way, Cranfield MK43 OAL.

8


https://ati.org.uk

CRYOGENIC HYDROGEN FUEL
SYSTEM AND STORAGE

Roadmap

7~/
FLY

/ AEROSPACE
TECHNOLOGY
ZEBO INSTITUTE



	Cryogenic Hydrogen Fuel System & Storage Roadmap
	Cryogenic Hydrogen Storage Roadmap
	Cryogenic Hydrogen Fuel System Roadmap
	About FlyZero
	Acknowledgements


