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Motivation ‘ 7 ) PARTNER

 Develop the capablility of independently assessing technologies
proposed under the Continuous Lower Energy, Emissions and

Noise (CLEEN) program

— CLEEN objectives include reducing:
* Fuel burn by 33% compared to current technology;
* LTO NOx emissions by 60 percent relative to CAEP 6;
* Noise levels by 32 EPNdB cumulative, relative to Stage 4

* Use the Environmental Design Space (EDS) to assess a set of

sample technologies
— Model CLEEN contractor technologies
— Assess impacts on CLEEN metrics at vehicle and fleet level
— Provide the FAA with independent technology assessment capability

 Show fleet level environmental impact of CLEEN technologies
for five aircraft classes
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Expected Outcomes and ( \
Prapctical Applications >, PARTNER
e Qutcomes
— Evaluate specific technology packages based on top level metrics
and scenarios
— Show benefit of CLEEN funded (and potentially other N+1 or N+2)
technologies at vehicle and fleet level
— Provide FAA with independent technology assessment and tradeoff
capability

* Practical applications
— Provides CLEEN program capability to evaluate and quantify benefits
to relevant stake holders without disclosing proprietary data

— Allows system level trades
* Provides a transfer function between industry and higher level
environmental analyses
» (Calculates system-wide environmental metrics

— Can provide new AEDT vehicles for detailed fleet runs



Schedule and Status 7 ) PARTNER
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 CLEEN-EDS has evolved throughout it’s lifetime

e Continuous improvement in modeling assumptions and
capability



Schedule and Status ‘J PARTNER

« Complete
— Boeing adaptive trailing edge assessment
— Cross validation of EDS geared fan model to recent NASA studies
— Historical trend analysis
— Validate process for creating surrogates of fleet analysis inputs

« Ongoing
— Industry Technology Modeling - Ongoing
» Verified EDS geared fan against NASA studies — Currently working with P&W to review
results
» Have begun Boeing CMC Nozzle assessment
— Define common set of fleet level insertion and technology availability assumptions
— General EDS analysis support

» This include more detailed analysis of certain technology packages
» Optimization of engine and airframe design parameters to meet goals

e Remaining
— Update technology dashboard surrogate models
— Support fall CLEEN consortium meeting
— New technology modeling to support CLEEN II

— Update fleet analysis based on proprietary models
— Technology dashboard enhancements



Approach

Challenges

Approach

Boeing ATE
Assessment

Quantitatively
Evaluate Boeing ATE
on SA and LTA
platforms

High & low speed
modeling effects
Simplification of
detailed test data

Work with Boeing to
define aerodynamic
input to EDS

Isolate high speed
(fuel burn) and low
speed (noise)
analysis for
simplification of
analysis

Assess ATE in EDS
from noise and fuel
burn perspective

EDS Geared Fan
Model Verification

Show EDS can
replicate recent
NASA geared fan
studies

Gathering of NASA
data

Matching of
assumptions

Gather NASA
assumptions
Review assumptions
with NASA

Send results to P&W
for review

Historical Trend

Analysis

Provide FAA with
high level and low
level technology
trends

None

Literature Review
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Fleet Level

Surrogate Modeling

Provide FAA with
ability to perform
vehicle and fleet level
technology trades

Encapsulating EDS
vehicle and fleet
capabilities within
surrogate models

Construct surrogate
models of EDS
outputs needed for
GREAT fleet level
modeling tool
Validate surrogate
models against
previous EDS-
GREAT fleet results



Analysis of Boeing ATE

Technology in EDS PARTINER
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Verifying EDS Geared Fan Model PARTNER

« Verified the EDS geared fan model against most recent
NASA geared fan study

« With common assumptions EDS generated common results

e Some minor differences expected due primarily to engine
sizing methodologies, bookkeeping, and tool versions
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Historical Trend Literature Review ‘ ) PARTNER

 Conducted so FAA can look at how future technologies may fall compared to historical

trends
— For FAA internal modeling activities
— Inform FAA about future technologies relative to past trends

 Conducted a literature review and database search of quantified trends
* Goal was to collect and distill high level and low level technology evolution over time
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Technology Dashboard Development PARTNER

 Goal is to embed EDS capabilities within excel-based analysis

o Capabillities
— Bottoms-up or top-down (gap) analysis
— Provide inputs necessary for GREAT (rapid fleet level analysis)

o Spiral development process
— Delivering intermediate versions to FAA as vehicles are populated into the
environment
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Dashboard Development ‘J‘ PARTNER

 Have developed surrogate models for GTF
representations of 5 vehicle classes

— RJ through LQ
— Captured both high and intermediate level responses

* Implemented multi-attribute decision making
methods to assist in technology package

selection
— Includes ability to ‘choose’ from arbitrary subset of

technologies
— Also includes major engine cycle selection

« Implemented ability to perform basic design
parameter sweeps to help understand confluence

TSFC @ of technology and design

» Currently integrating direct drive

\/FPR vehicle representations

OPR
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Fleet Level Analysis: GREAT

Integration Overview PARTNER
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Fleet level analysis: 25 validation

technology packages used PARTNER
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Fleet level analysis: fleet level error for
the validation technology packages

For each validation package,

the EDS and the surrogate
values of a, b and ¢ were
iInputted into GREAT

A 1009% fleet replacement in
year 2015 and a same type of

vehicle replacement were
assumed

For all validation packages, the
error in the total fleet FB and
total NO, from years 2006 to
2050 was computed, taking

EDS as the reference
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Upcoming Work ‘J PARTNER

* Incorporate recent proprietary modeling efforts into fleet
analysis

* Repeat fleet analysis with harmonized N+1/N+2/N+3
assumptions

« Continue to develop dashboard

— Short term
« Update vehicle level surrogates
» Create fleet level input surrogates

— Longer term
 Integrate technology dashboard with GT fleet level modeling tools

(GREAT)
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QUESTIONS?
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