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CFD – Computational Fluid Dynamics
HP/HT – High Pressure/High Temperature
HPC – High Powered Computing
MTO – Maximum take off thrust
MCL – Maximum climb thrust
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Figure 1 – Technology has been assessed against the NASA Technology Readiness Level (TRL) scale
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LH2 fuel cooled 
cooling air system

Heat Cycle: fuel/oil + fuel recuperation 
+ cooled cooling air

Heat Cycle: fuel/oil + fuel recuperation + cooled cooling air 
+ fuel expander cycle

Advanced impingement and full 
coverage film cooling

Overall Pressure Ratio 50 - 55

Cryogenic fuel metering and control with better temperature 
compensation than kerosene equivalent

Durability and accuracy 
development of metering

*Fuel Conditioning: fuel/oil heat exchanger and recuperator

Externals packaging, i.e. fuel systems and pipe work location, 
under core cowls, fan case, etc..

HPT high temperature material, advanced alloys, and 
coatings compatible with hydrogen fuel

Turbomachinery efficiency – current levels at high bypass ratio

Generation 1 actuation for valves and vanes

Fuel leak detection and venting

Hydrogen fire suppression

Hydrogen fuel pump generation 1

OPR 55 - 60

Gen. 2 actuation for valves and vanes

Hydrogen fuel pump generation 2 Durability for life of type pump

Continued development of certification regulation

OPR 60+

Improved efficiency, advanced 3D shape and variable geometry, compressor tip clearance control

Heat exchanger volume production

Acceptable means of compliance with authorities

Fuel system rig facility

Fire suppression test facility

Requalification of materials for hydrogen

Modelling tools (cycle, fuel system, etc)

Human factors – maintenance and handling hydrogen 

Instrumentation for development and service

Bypass ratio >13 ; including mass and drag reduction

Gas turbine core robustness

Durability

Bypass ratio 14 - 18 Bypass ratio 18+

Material and coating developments to reduce hydrogen impactEnablers

Flying test bed conversionEngine test – ground facility installation
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Fuel & Control 
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*Ref - Sustainability Technical Report 
**Ref - Advanced Materials

Thrust ratio optimisation target 
MTO < 1.1 and MCL < 1.2

Hybridisation: LP shaft power boost at takeoff 
creating higher thermal efficiency at cruise

Gen2 hybrid system developing 
emissions and fuel burn

Water injection: 1:1 water-to-fuel ratio, 6% smaller 
core and lower NOx at take off

Topology optimisation methods

Greater integration with airframe, pylon, mounts, 
nacelle, in the pursuit of weight reduction

Fully embedded electrical 
load distribution 

Integration with fuel system improving 
weight, reliability, cost 

Unit maturity and maintenance 
development

Reduced power off-take requirement via 
supplementary power unit

Further development of atmospherics 
impacts and mitigations technologies Generation 2 mitigations technologies

Fan and inlet optimisation with 
boundary layer ingestion

Continued noise reduction from propulsion and aircraft integration

Gear ratios 3.5 – 4.0

Low count and low loss vanes, 
higher stage efficiency

Small bifurcations, higher fan 
efficiency, low forcing

Gear ratios > 4.0 Weight and durability 
of power gearbox

Low specific thrust vs engine weight and 
drag optimisation at aircraft level

Highly swept, low speed, low pressure ratio fan

Intake length/ diameter = 0.4

Advanced exhaust system design

Power Gearbox gear ratio ~3.0 and mass reduction

Propulsion noise reduction

**Increased component life where 
platinum group metals are used

Reduced input material during production

Power off-take from low pressure shaft

Low weight fan system; blade, case, vanes, containment, structures, shafts

Reduced core casings and structure weight through 
additive manufacturing and 3D printing

*Improve estimates of atmospheric 
impacts of hydrogen combustion

Morphing variable area nozzles

Intake length/ diameter < 0.4

Weight and cost improvements

Further intake and fan 
integration capability

HYDROGEN GAS TURBINE ROADMAP
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Validated CFD  and network solvers

Integration with 
staging

Improved cost of 
ownership

Cost reduction

Integrated Fuel/Air mixer 
Combustion system

Integrated Fuel/Air mixer 
Combustion system

Best of class NOx emissions

Improved cost of ownership

Igniter choice

Sector rig 
facilities Ground 

based 
engine 

demonstratorFull annular 
rig

Manufacturing method 
proven at scale

Fuel system 
demonstrator

Develop CFD subroutines 
and network solvers

Low emissions combustor 

Rapid mixing fuel/air mixer

Manufacturing method 
selection

Staged Pilot decision

HP/HT small 
scale rig

HPC cluster

Fuel manifold concept 

Further NOx reductions

Further NOx reductions

HYDROGEN COMBUSTION ROADMAP
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Aero and low noise design 
validation (distributed prop)

Low cost, automated manufacturing 
and inspection technologies

Advanced pitch change mechanism development for 
electrically powered propellers and open rotor

Reduced cost and sustainable 
processes. Increased reliability

Reduced weight and cost, increased reliability

Reduced weight 
and cost

Electrical control 
system validation

Design and analysis tool optimisation for 
high speed propellers / open rotors (OR)

Manufacturing and 
certification testing

Integrated propulsion 
system validation

Aero and low noise design validation for 
OR (single stage and contra-rotation)

Optimise for low noise

Rapid propeller 
prototyping capability

Rapid test capability e.g. 
reliability, durability, life

Propulsion ground  
test facility

Design and analysis tool optimisation 
for distributed propulsion systems

Control system development for 
electrically powered propellers

Optimised blade/hub 
assembly design

Large scale wind tunnel facility: 
 High power and high speed

High RPM spin rig 
capability

High speed propeller development 
and technology maturity

THRUST GENERATION ROADMAP

Aero / 
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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 recommendations 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

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

FlyZero was funded by the Department for Business, Energy and Industrial Strategy.
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