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Boeing’s Innovation Landscape
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Boeing Research & Technology (BR&T)
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Projects & Benefits

Quiet
Landing Gear

Quiet
High-Lift

Next Generation
Inlet

Intelligent
Operations

Sustainable
Aviation Fuels

Technology
* Acoustically Treated * Outboard Flap Trailing * New Structural Architecture | * Noise-Optimized Flight * Higher Performing
Main Gear Door Edge Fairings * New Ice Protection System Paths Blends
* Perforated Strut Shield * Flap Trailing Edge Vortex | * Maximize Acoustic Treated | ¢ Leverages Existing * Drop-in Compatibility
Generators Area Capabilities » Support Scale-up
Reduce Reduce Sl Lien Er_19|nes_, Reduce Community Noise, Reduce Fuel Burn,
Impact . . . . Reduce Community Noise, ..
Community Noise Community Noise Fuel Burn Emissions
Fuel Burn
Airframe 1.5 EPNdB 3-5 peak dBA
Benefits / Up to 0.5 EPNdB Up to 0.5 EPNdB 2 0°/. Block Fuel 2% Take-off Block Fuel 2%-3% Block Fuel
Metrics e 5% Approach Block Fuel
Projected Reduce 65 dB Reduce 65 dB Community Noise, Community Noise, .
Fleet community noise community noise 82M Metric ton, CO2 28M Metric ton, CO2 LR Metrlc_ i, (e
. . reduction
Impact contours contours reduction reduction
i, 2030, 2035 . 2030, 2035 2030, 2035
Transition Retrofit 2030, 2035 2030 (partial) , 2035 Retrofit Retrofit
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Technology Transition () BOEING oo

Boeing Product Development leveraging CLEEN Il technologies
* New Products and Retrofit
* Acousticlining designs
* Low speed / high lift configuration
 Structural configuration of wing flaps and landing gear door
» Nacelle acoustics and ice protection

Refine/Validate noise prediction tools and design practices

Provide near-term capabilities/services aligned with FAA NextGen and DataComm

Address long term compatibility of fuel systems components exposed to low aromatic fuels

CLEEN Ill Technologies aligned with Product Strategies and Sustainability Vision
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Next Generation Inlet (NGI)
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Objective:
Develop aircraft operational
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Sustainable Aviation Fuels (SAF)
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Summary & Next Steps

Summary
« CLEEN Phase Il aligned with Boeing vision for Sustainable Aerospace

« Under CLEEN Phase lll, Boeing is executing 5 projects developing technology to reduce airframe, engine, and
flight operational noise, as well as Drop-in SAF

 All but 1 project have completed the Preliminary Design Phase

 All projects on-track to meet noise reduction, fuel burn & Drop-In SAF goals

Next Steps
* Complete Detailed Design Phases & Design Reviews

» Complete Fabrication Planning & Hardware Procurements

« Start Build/Fabrication
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Short Inlet Development — CLEEN i

HW On
Dock at NextGEN {1@&
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S RR Short L Ground  Ground _
Project Inlet HW  JCLEEN lI Test Test CLEEN Il Final
Launch SRR DDR  Complete ATP Block 1  Blocks 2/3/4 Report (Ground Test)
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2015 2016 2017 2018
Tool Calibrations Reqts & HW Dev Ground Testing Reporting Rolls-Royce FTB
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Acronyms

ATP
BL
CAA
CAD
CDR
CFD
CoDR
dBA
DDR
EPNdB
FEM
HW
Opt'n
SAF
S&C
SRR
SW
UDRI
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Authority to Proceed

Baseline

Computational Aero-Acoustics
Computer Aided Design

Critical Design Review
Computational Fluid Dynamics
Conceptual Design Review
Decibels, A-weighted

Detailed Design Review

Effective Perceived Noise, Decibels
Finite Element Model

Hardware

Optimization

Sustainable Aviation Fuel

Stability and Control

System Requirements Review
Software

University of Dayton Research Institute
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