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Presentation Notes
The first “A” in NASA stands for “Aeronautics.” Our aeronautics researchers, engineers and pilots use world-class NASA facilities to keep U.S. aviation first in safety, efficiency and innovation.

We explore technologies that reduce aircraft noise and fuel use, get you gate-to-gate safely and on time, and transform aviation into an economic engine at all altitudes.


NASA Aeronautics — Vision for Aviation in the 21st Century @

ARMD continues
to evolve and
execute the

Aeronautics Strategy
https://www.nasa.gov/
aeroresearch/strategy

Safe, Quiet, and Affordable
Vertical Lift Air Vehicles

Safe, Efficient Growth
in Global Operations

In-Time System-Wide
Safety Assurance

f " Innovation in Commercial
Supersonic Aircraft

Assured Autonomy for
Aviation Transformation

Ultra-Efficient Subsonic
Transports

Transformative

U.S. leadership for a new era of flight
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Presentation Notes
Three primary drivers continue to shape the global aviation industry – 

We are facing global challenges – the aviation industry is global in scope and impact, and demand for mobility will continue to grow
The aviation system must be sustainable and safe
Aviation continues to transform our economy and society through innovation, leveraging convergent technologies inside and outside the aviation sector

NASA plays a critical role in leading the transformation of global aviation, with efforts focused in strategic thrusts


®
Research Programs Align with Strategic Thrusts

Airspace Operations & Safety (AOSP) Advanced Air Vehicles Program (AAVP)
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ARMD programs contribute to strategic thrusts

ARMD’s programs and projects are all cross center and cross discipline. We leverage the best people from across the NASA enterprise to enable us to be agile in our execution. 

[elaborate]
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Thrust 2: Innovation in Commercial Supersonic Aircraft




| 'AddreSsihg the unique barriers to sustainable,
environmentally responsible high-speed flight

www.nasa.gov | 5



Presenter
Presentation Notes
NASA is addressing the unique barriers to sustainable, environmentally responsible high-speed flight to enable global access and connection.  
    
•    NASA’s near-term focus is overland flight with the X-59 
    ⁃    Quiet overland flight is the principal barrier to opening a civil supersonic market 
    ⁃    New international standards, based on response data from a large diverse population are required 
 
•    NASA is ramping up efforts to address broader sustainability challenges 
    ⁃    New effort launched to address airport community noise 
    ⁃    Longer-term research portfolio addresses high-altitude emissions 
    ⁃    Synergistic with sustainable flight technology for subsonic aircraft, fuels and airspace operations 
 
•    NASA is investigating the potential of even higher speed flight. 
    ⁃    Undertaking studies with industry of the commercial viability of higher than Mach 2 flight 


®
X-59 Construction and Testing
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Complete X-59 Build in Fall 2022
wow.nasa.gov | 6 Achieve First Flight in 2023
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Photos; most recent starting left clockwise: 
(left) NASA’s X-59 airplane undergoes structural stress tests at a Lockheed Martin facility in Fort Worth, Texas, in early 2022.�
(middle) The X-59 is lowered to the ground at Lockheed Martin’s Skunk Works facility in Palmdale, California following a crane operation to remove it from the back of its transport.

(right) A panel of the dark-colored skin of the wing of NASA’s X-59 airplane is laid in place over the wing’s interior framework for permanent attachment. The volume underneath will serve as a fuel tank. The X-59 is under construction by Lockheed Martin at the company’s Skunk Works factory in California.



Quesst Mission Overview
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Phase 1 — Aircraft Development

In progress (FY18-23)

» Design, fabricate a quiet supersonic research aircraft
* Prove performance in test range flights

» Prove safety for flights in normal airspace

Phase 2 — Acoustic Validation

Preparation in progress (FY18-23), Execution 2024
* Prove the acoustic characteristics match design targets

* Detailed in-flight and ground measurements in test range

Phase 3 — Community Response Testing

Preparation in progress (FY19-23), Execution 2025-27
« Conduct community tests

+ Select communities

» OQOutreach and engagement (including STEM)

» Obtain necessary approval

» Plan surveys and recruit participants

» Collect ground measurements

Systematic
Approach Leading

to Community
Testing




Acoustic Validation & Community Response Testing Preparations

V&V-driven design update for
production Ground Recording
System units

Site selection process developed,
and survey plan baselined
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Test planning & hardware development

are making significant progress toward readiness




Landing and Takeoff Noise

Acoustic data from flight and rig tests will
improve noise predictions used in studies of

environmental impact of future supersonic
aircraft.

Quantifying the impact of future aircraft on airport noise.




Thrust 3: Ultra-Efficient Subsonic Transports



U.S. Aviation Climate Action Plan @

Global Context for Sustainable Aviation
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https://www.faa.gov/sites/faa.gov/files/2021-11/Aviation Climate Action Plan.pdf

The U.S. is working with the global community to achieve net-zero

ey | greenhouse gas emissions by 2050 using a common basket of measures.
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This chart is from the US Gov 2021 Aviation Climate Action plan -  Figure 3: Analysis of Future Domestic and International Aviation CO2 Emissions 

ICAO – International Civil Aviation Organization - represents collective countries around the world – ICAO adopted a long-term aspirational goal fo net-zero carbon emissions by 2050 (10/22)
ATAG – Air Transport Action Group - represents collective aviation industries around the world, including manufacturers, airlines, airports, air service navigation providers (ASNP), etc. 
            ATAG via the Waypoint 2050 report updated in 9/21 adopted a net zero carbon emissions goal by 2050.

This analysis shows US Domestic emissions from US and International carriers, and international flights of US carriers.
As will other similar charts, it shows projected relative contributions of each measure to tackle emissions and achieve net zero emissions by 2050.

https://www.faa.gov/sites/faa.gov/files/2021-11/Aviation_Climate_Action_Plan.pdf

U.S. plan focuses on flight operations/en route, because that's the majority of fuel consumption
More than 97% of U.S. aviation CO2 emissions is from the combustion of jet fuel.  80% of domestic aviation emissions and 94% of international aviation emissions come from en-route operations above 10k ft.

It should be noted that the red shaded area (Airline Fleet Renewal) builds in no small part on prior NASA technology investments – this is the NASA DNA you see in todays fleet and the aircraft that will enter throughout the 2020s. Our current SFNP will provide the technology (or NASA DNA) for the next generation in the 2030s.



https://www.faa.gov/sites/faa.gov/files/2021-11/Aviation_Climate_Action_Plan.pdf

Aviation Pillars for a Sustainable Future
Global Aviation GOAL: net-zero carbon emissions by 2050

SUSTAINABLE
AVIATION FUEL

OPERATIONS

AND INFRASTRUCTURE

" TECHNOLOGY

----------

ALTERNATIVE
FUEL :

NASA = Primary Role ~ NASA = Supporting Role ~ NASA = Primary Role
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The global aviation community raised its ambition in 2021 and has established the aggressive goal of net-zero carbon emissions by 2050 through four means – what we fly, how we fly, the fuels we use to fly, and the use of high-quality carbon offsets in the near-term with carbon removal opportunities to address residual CO2 emissions in the longer term.  The challenge to meet the goal is magnified as fleet growth has outpaced improved fleet efficiency, leading to increased overall carbon emissions;  even though the operational fleet has become 2% more efficient each year, the total amount of carbon emitted annually in 2019 (905 Mt) is 39% higher than it was in 2005 due to overall traffic growth.

This aggressive goal for overall carbon emissions is focused today on commercial aviation, as that is the predominant form of aviation today.  As new aviation sectors develop and flourish, they must do their part to contribute to the sustainability of aviation – they have to be green from the outset.

NASA’s primary contribution and largest investment is in R&D of technologies for low emissions and low noise aircraft.  
NASA plays a primary role with significant investment in R&D of operational concepts and technologies deployed by the FAA and on aircraft flight decks.  NASA does not have research related to airport infrastructure.
NASA plays a supporting role in characterizing the environmental impact of sustainable aviation fuels, and possibly via use in NASA flight research operations. 

The aviation community also has stated a role for market based measures such as carbon offsets, where NASA has no role to play other than to reduce/eliminate the need for MBM/offsets.

Reference Info
https://aviationbenefits.org/media/167501/atag-net-zero-2050-declaration.pdf    (provides the ATAG Goal declaration – Oct 5, 2021)
https://aviationbenefits.org/media/167475/fact-sheet_3_tracking-aviation-efficiency-v2.pdf      (provides fuel efficiency and carbon emissions numbers by year.  Updated in 2021, downloaded Nov 2, 2021)

(Backup information: This was the previous goal:
The global aviation community has established the aggressive goal of a 50% reduction in carbon emissions by 2050, and possible net zero emissions by 2060 through these three means - what we fly, how we fly, and the fuels we use to fly. This 50% reduction from 2005 levels is a very aggressive goal, because fleet growth outpaced fleet efficiency improvements since 2005.  Even though the operational fleet has become 2% more efficient each year, the total amount of carbon emitted annually in 2019 (905 Mt) is 39% higher than it was in 2005 due to overall traffic growth.)



Sustainable Flight National Partnership Benefits -

*
.
%
i)

Small Core Gas Turbine for
5%-10% fuel burn benefit
(HyTEC Project)

Electrified Aircraft Propulsion
- for ~5% fuel burn and

maintenance benefit

(EPFD & AATT Projects)

Sustainable Aviation Fuels for
reduced lifecycle carbon
emissions

(AATT Project)
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Transonic Truss-Braced Wing for
5%-10% fuel burn benefit
_(SED & AATT Projects)

High-Rate Composites for
4-6x manufacturing

rate increase

(HICAM Project)

Integrated Trajectory Optimization for
1%-2% reduction in fuel required
and minimization of contrail
formation

(ATM-X Project)



=
Subsonic Transport Technologies

Ensure U.S. industry is the first to establish the new “S Curve” for the next 50 ye

\

Transonic Truss-Braced Wing Small Core Gas Turbine Electrified Aircraft Propulsion ~5% High-Rate Composite Manufacturing
5-10% fuel burn benefit 5-10% fuel burn benefit fuel burn and maintenance benefit 4-6x manufacturing rate increase
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NASA has identified four priority subsonic transport technologies that can have the greatest impact on the future sustainability of commercial aircraft fleet.  

These priority technology areas were identified through research over the last twelve years, starting with Advanced Concept Studies in 2008 targeting aircraft with a 2030-35 entry into service. 

NASA established aggressive goals targeting noise, emissions, and fuel burn, and worked with industry and academia to identify and drive innovation that can meet those goals.  Over the years we’ve winnowed the most promising areas for NASA research to these four areas:  

New vehicle level technologies such as the Transonic Truss Braced Wing can bring a 5-10% fuel burn benefit. 
Small core gas turbine engines can also yield ad 5-10% fuel burn benefit, and also serve as a critical enabling technology for future hybrid electric systems. 
Electrified Aircraft Propulsion can yield another 5% fuel burn benefit and provide other efficiencies such as maintenance 
High rate composite manufacturing – 4 to 6 times faster than current production rates – can reduce the weight of new aircraft, reducing fuel consumption, and opens up the design space to new types of structures and vehicles.

NASA has continued to mature these technologies from fundamental concepts and technologies through ground and flight tests, complemented by the Federal Aviation Administration's CLEEN research programs and continued industry innovation.  

We are now at the beginning of the next new “S” curve for the next 50 years of commercial transports.  The promise of these priority technologies needs to be validated by the mid- to late-2020s so that they can form the foundation of the next generation of vehicles to enter service in the early 2030s.


Subsonic Transports: Integrated Technology Development

4

. FY20 | FY21 | Fv22 | FY23 | FY24 | FY25 | FY26 | FY27 | FY28 | FY29

Technologx Readiness Target

Model Based Systems Framework developed

“Digital Flight Test”

Analysis & Engineering Y

Partner
Sustainable Flight Demonstrator (S?)/ Selection CDR Flight Test
Transonic Truss Braced Wing (AATT) Mid-Term Eval TC Completion
Hi-Rate Composite Aircraft Demo(s) Down-select Mfg & Structural Demonstration
Manufacturing O
(HICAM)
Hybrid Thermally Efficient Core Award(s) Core Demopgtration
Core (HyTEC) O ) ()

Power Extraction Test

Electrified Powertrain Flight Demonstration (EPFD) Flight Tests (h

%
Partner Selection (U !

Electrified Aircraft Propulsion TC Completion

Technologies (AATT) ™\ v/ Altitude Capability Achieve TRL 6 in time for industry
(NEAT) product decision-making
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This graphic shows how NASA intends to mature these technologies over the next several years, culminating in core demonstrations in time for industry to make decisions about future products.  

NASA has initiated discussions with industry to explore their views of the value and need to bring these technologies to flight in an integrated manner. 
Flight Test Public Dates:
EPFD Partner Selection: September 30, 2021  https://www.nasa.gov/press-release/nasa-issues-contracts-to-mature-electrified-aircraft-propulsion-technologies
EPFD GE:   First Flight Start: 2QFY26.   Complete: 3QFY26
EPFD magniX:   First Flight Start: 3QFY25 - Complete: 4QFY26

SFD Boeing
Award January 18 2023 1QFY23
CDR. Feb 2026 (2QFY26)
First Flight Start:  September 2028 (4QFY28). - Complete: June 2029 (3QFY29)



Thrust 4: Safe, Quiet, & Affordable Vertical Lift Air Vehicles



RVLT Provides Tools & Design Practices for UAM eVTOL Venhicles

Thrust 4 Critical Commitment (4.1): Deliver validated tools and recommended practices for noise and safety that support t1g '
ability to certify and safely operate advanced urban-capable VTOL vehicles in a medium density operational environment.

Noise Research Safety Research

Human , ),
Response to L &7 :
UAM Noise e =5 Occupant Protection
UAM Acoustic Handling
Impacts Qualities

Predictive Electric Powertrain
Tools for UAM Reliability
Noise

Share technical insights
and lessons learned

SDOs

Inform eVTOL Systems Standards and Certification
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Focus of RVLT is on the noise and safety research that supports enabling eVTOL vehicles for UAM mission with extension into other use cases.  Currently have 5 technical challenges; two focused on noise and  three on safety.  Project develops tools and design practices that are made available to the VTOL community working with FAA, Industry, Academia and Standard Organizations throughout the TC period.


RVLT UAM Noise Research Approach

Subject Testing

xv———ffr\@ o]
Sound Auralized /" AR _4

\,‘ -~
Annoyance Response t A%

Acoustic Factors

/Psychoacoustic Research
for Human Response to
UAM Noise

" Obtain Flight and Wind '
Tunnel Data to
Characterize Noise

Develop and Distribute

Noise Prediction Tools

‘ SPL [dB]

—<.-«=#  Accurately Model and
-~ Predict UAM Noise Sources

d Meﬁwoas for Assessing

UAM Acoustic Impact in
Operations




RVLT UAM Safety Research Approach

-
Develop Assessment Tools

and Guidelines for UAM -
Modeling Use Unique Facilities to

Generate Data and Assess -
New Concepts Transfer Tools and Data to

~ ] S ) Regulators, Standards
Propulsion: reliability of } ’ —n
y Development Organizations,

Motor Prototype and User Community

motors, fault-tolerance, g Magnetic Gear
electrical system standards S

“Handling and Ride Qualities:
vehicle response, control

system authority, passenger
response to motion

Evaluation of Seats,
Subfloor, and
Occupant Loads

/ .
Crashworthiness: occupant during Impact

protection, safety after
impact

Simulated Operation for
Handling Quality Evaluation

.l AN

Provide Design Tools and Guidelines fof Safe, Reliable Operations and Standards

LY
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Notes:  


Hypersonics
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Common Barriers to Air Breathing Reusable Hypersonic Flight @

=~

Conventional & Leading Edges, Hot Structures, 4 Vehicle Flow Physics (high- %
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L development/

’
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/ System Level
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+——_____ Control and advanced
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Integration Technologies & -7

L ——
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 RT-1/TC-1: Systems Design & Analysis

Combined Cycle Mode # RT-2/TC-2/TC-3: Propulsion Techs
Transition & Propulsion & RT-3: Vehicle Techs
’ Integration Technologies # o
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Management, and Wide .»

] Operating Range Technologies
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# Turbine Thermal Management
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And gaining even more speed
This chart represent common barriers face routine reusable hypersonic flight
Areas high light in color represent the current areas of NASA research and investment



NASA-DoD Major Collaborations @

Hypersonic Airbreathing Weapon Concept (HAWC) Tactical Boost Glide (TBG)
USAF-DARPA ~ USAF-DARPA
‘ T e % SME support including Materials
IPT lead

* SME support including
Airframe IPT lead

* System analysis

* High temp materials analysis, test
& database

* Aero/Aerothermal analysis & test

* Aero and propulsion
analysis ground testing

RangeHawk Technology Demonstrations
TRMC
* Imaging Instrumentation

Advanced Full Range Engine (AFRE) Development and ground test

DARPA * Global Hawk Integration
HIFIiRE-2C * Flight testing

* SMEsupport AFRL * Capability Transition Planning
including Propulsion < Joint NASA-AFRL project
IPT leads . * SME support incIuc.iing CE, Co- Boundary Layer Transition (BOLT/BOLT2)

* System studies Pl, S&A and ModSim IPT AFRL-AFOSR

* Mode transition Leads
design, analysis & * Propulsion testing ‘ * Testing — ground & launch
testing « CFD services

* Propulsion testing e CED

e Co-Principal Investigator
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NASA's Role in Emerging Commercial High-Speed Market @

3 Govt/Industry Workshops held 2020-2022

Industry Feedback On Opportunities/Needs:

* Independent market study

-
AN
-
AN

c

©
-

* Hypersonic ground and flight test capability

« Technology development through collaborative agreements

* Regulatory concerns

 International partnerships

» Data protection concerns (export control, classified, CUI, etc.)

» Integration into NAS

Opportunities encompass multiple ARMD Programs/Projects



Emerging Commercial High Speed Market Key Takeaways

« Many key barriers for commercial supersonic and hypersonic flight appear to be
similar
» Significant differences resulting from differences in Mach and associated flight
conditions

* Industry feedback from 3rd High-Speed Commercial Vehicle Workshop (June
2022) reinforces the need for conceptual vehicle studies to assess these barriers
and potential solutions in the 2<M<5 range

 Contracts awarded Jan 2023 to:

Image Credit: Lockheed Martin

» Develop conceptual government reference high-speed vehicle designs Legacy Supersonic N+2/N+3
« Identify the critical technologies that will address the key barriers Conc?p‘tual Designs .

+ Develop technology roadmaps that can be used to frame new technical
challenges either in CST and/or HTP

* Non-proprietary concepts will be key for use in regulatory studies

A sl
e | S L
Image Credit: The Boeing Company

High-Speed Investment Opportunities to be Reported at 2024 SPMR



Wrap-up
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A New Era of Flight is Emerging

Breaking down barriers to open new markets, advance U.S. competitiveness,
and make air travel better for all Americans and for people around the world.

Next Generation Subsonic Transports

Making commercial air travel more sustainable

Advanced Air Mobility

Allowing people to move about more easily

Commercial Supersonic Flight

Addressing environmental barriers to connect people faster

Hypersonic Flight

Enabling a future vision for hypersonic transport
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