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* Vehicle Goals for N+1, N+2, and N+3
e Support of NASA & FAA System Assessment
 Technology Assessments

* Vehicle Assessment

— Framework for assessment

— Vehicle classes considered

— Role of surrogate models

— Decision support dashboard development
* Uncertainty Assessments
* Fleet Level Assessments

e Concluding Remarks
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Assessment Goals and GT Involvement
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Generational Assessment

N+1 =2015*** N+2 = 2020*** N+3 =2025***
CORNERS OF THE Technology Benefits Relative [Technology Benefits Relative Technology Benefits
TRADE SPACE To aSingle Aisle Reference ToalLarge Twin Aisle
Configuration Reference Configuration
Noise
(cum below Stage 4) -32dB -42dB -71dB
LTONO, Emissions R0 _759 better than -75%
(below CAEP 6) 60% 75% ’
Performance. -33% -50%"* better than -70%
Aircraft Fuel Burn
Performance: -33% -50% . nlavt
Field Length exploit metro-plex* concepts

Approach for N+1, N+2, & N+3 Timeframe Technologies

Develop vehicle concepts envisioned for integration into the fleet by N+1, N+2, and
N+3 timeframes

SIMULTANEOUS reduction of noise, NOx, and fuel burn at vehicle level

Accelerate maturation of technologies envisioned for advanced vehicle concepts

Advance TRL and IRL for innovative technology-based solutions to 5 or 6 by
required timeframe
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levement of

Environmental Metrics

* Simultaneous achievement of multiple goalsincreases
technology challenge

* Interdependency and trade-offs exist between metrics

Notional Goal Trade Surfaces

Simultaneous
Trade Space
Surface

Corner Point
Trade Space
Surface

Corner Point
Trade Space
Surface

NO¥ [% below CAEP 6]
_ [.) (¥} p = (8] o ~J

oo o o [ o o [ [}
ey E

g e =

MNoise [dB cum. below Stage 4]
Fuel Burn [% below ref.]
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Vehicle and Fleet Technoldy Assessment

GT-ASDL was tasked to perform systems assessments
— For various classes of vehicles
— For both conventional and unconventional configurations
— Incorporating N+1, N+2, and N+3 technology portfolios

Served as independent system assessment team for NASA and FAA and worked
cooperatively with various organizations, e.g.:

— NASA System Analysis Branch: ERA and AATT project teams at LaRC and GRC
— FAA Office of Environment and Energy: CLEEN I/Il program, VOLPE, etc.

Employed a bottom-up technology assessment methodology

The examples shown in this presentation are from the NASA work performed for
ERA, but a similar process was followed for the FAA assessments as well as the
NASA N+3 assessments

The approach followed was developed over a period of years in collaboration and
with support from the FAA/AEE and NASA and allows for generational assessments
across N+1, N+2 and N+3 based on common tools, assumptions and modeling
philosophy
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Generational Assessment Overview

CLEEN | &

@ﬂaflﬂa

SUGAR

Georgia & Aerospace Systems
Tech || Design Laboratory

=




N+2 Vehicle Architectures and Modeling
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N+2 Architecture Contepts

Airframe Concepts Propulsion Airframe Integration (PAI) Engine Concepts

Embedded Engines Advanced Direct Drive (ADD)

Tube & Wing (T&W)

Open Rotor

id Wi Podded Engi -
Hybrid Wing Body (HWB) oddedtngines Geared Turbofan (GTF) ‘]!
\
ERA1 Solicitation Winning Designs
... and many others

Image from Mark Mangelsdorf Feb. 2010 ERA bidders conference presentation
- 'gﬂ f
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Vehicle Modeling Environment

 Environmental Design Space (EDS)

— An M&S environment developed with support _l
by the FAA/AEE to model existing aircraft as . S ——
well as advanced technologies and concepts | PEEET|  FngineDesign 1 Vehicle Design
[l Compressor Loop 1 Loop

 EDS integrates continuously updated NASA H

design tools with industry vetted design logic -
to provide a parametric aircraft design :L |:
capability v

1
— Consistent engine to airframe match :
1
1

— Creates output links to connect with fleet
assessment tools

— Takes advantage of years of development and
validation by NASA

 EDS provides integrated analysis capability to
estimate:

— Source noise

Additional
Flight
Envelopes

Additional
Aircraft
Missions

— Exhaust emissions
— Engine and vehicle performance Legend

EDS
Environment

Output Data )
Collection

CMPGEN

|

|

|

|

ricients 1

|

|

P3T3 :

Cocefficients
AEDT Test |

FLOPS
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EDS Vehicle Calibrtion

EDS vehicle models have been developed, calibrated, and validated to
existing vehicle in the fleet. Rigorous vetting process with industry SMEs

EDS captures existing

airC raft mOdEIS frOm )_f?)ﬁ:‘bb:r;dtiizrn Boe‘:;ﬁ:::r;/:i::us" collal:iEration coﬁ:t/;f:::on coll_?_;)iatipp coﬁx:?a‘::on
Regional Jets, RJs through 2 | o] / B777 b osmre} srrrs Vomars /
Very Large Aircraft, VLA | engines |22 V| enaines | engines - aines |
aircraft 2 = 5N N Surrogate
odels
-
Existing aircraft models ‘
. RJ SSA LSA STA LTA VLA §
serve as departure point irent
. o oyl == , | urrt:n
for modeling new —_ =g | =~ sl == nyentory
technology engines and -
aircraft == " =
20-49 50-99 100-150 151-210 211-300 301-400 401-500 501 - 650
Number of Passengers
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Vehicle Concepts Modeled

e Varying size classes from
regional jet (i.e. CRJ 900) to
very large aircraft (i.e.
B747-400)

* Vehicle configurations
consist of conventional (i.e.
tube & wing) and
unconventional concepts

* Vehicle concepts originated
from NASA and/or FAA and
public domain research or
from industry led studies
funded by NASA

The Subsonic Ultra Green Aircraft
Research, or SUGAR, Volt design concept.
Image credit: NASA/The Boeing Company

Georgia & Aerospace Systems
Tech || Design Laboratory 13

=




N+2 Technology Assessment
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Technology Portfolio Selection

 For NASA’s ERA program three different technology portfolios evaluated:
— Reference Technology Collectors (RTCs); 2010 State of the art concepts
— ERA Integrated Technology Demonstrator (ITD) technologies
— N+2 Technologies
 Technology portfolios build off previous technologies while correcting for
compatibility and scaling issues

* Conducted several technology review

c \
sessions with NASA Subject Matter = N+2 Vehicles 33
Experts (SMEs) to: =
— Review technology modeling 'g ),
_ S s
methods and assumptions ’ CRAITD Vehicle
— Estimate technology impacts S
based on testlng/llterature/hlgh 1 / Reference Technology Collector (RTC)
fidelity simulation St
"~ A EDSBaseline Vehicle

Fuel Burn Reduction
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Vehicle Technology Modeling Process

Research
Technology

eConduct Literature

Review
eldentify
Interdependencies
*Elicit SMEs

and/or FAA

portfolios

‘Establish EDS

Technology
Modeling
Methodology

eldentify how technology
works

eEstablish modeling routine
eImplement in EDS

Verify EDS

Technology
Model

eConduct reviews to

ensure technology is
modeled correctly

N+1, N+2 and N+3 technology portfolios originated from NASA

More than 80 specific technologies assessed for multiple

Technologylmpacts

Over the Rotor
Foam

* Emissions
¥ Fuel Bum

Calculate
technology
Impacts

eInstall technology on
the aircraft and engine
to determine effect on
fuel burn, noise, and
emissions

B
Al

*  Series of workshops held at Georgia Tech with NASA SMEs to v ) v)
determine the proper way to model all technologies —__ -

*  Technology report was created to make the technology modeling as
transparent as possible
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“Vehicle"Technology Modeling Enabler

k-factor Approach

* Quantitative forecasting requires quantitative representation of
technologies

 Technologies, or potential impacts of technologies, can be defined as
delta's with respect to a current system baseline

e k-factors” directly modify computed metrics during the analysis process,
which in turn simulate technology benefits and penalties

vl
L/D Cp,

Aerodynamics

Range =

A

Propulsion ”
FPR
)

Outputs

Vehicle Sizing
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Representing Technologies in EDS

e Technology impacts at Technology Impact Matrix

| 1111 132
Component level and DoE Name Units | Tech Combo | Natural Laminar Flow - Wing | Highly Loaded Compressor
. . . Rule T LS TA-HwWB| T SA TA-HWB
compatibilities/interactions T v e B ETTR TR T
between technologies are HPC_FSPRmax| NONE| Absolute 1845 | 1930 | 1.845
. HPCPR NONE Absolute 2542 5.9 29.42
represented through matrices TRUW % | oo | | o | u
XLLAM NONE Switch 1 1 1

« EDS models combine

technology impacts to
ascertain rolled up system Technology

. Audit
level impacts
« Bottom up approach to C(T)fﬁgzsilgﬁi‘t’y
evaluate interdependencies of Matrix
system metrics for various
d technol Technology
concepts and technology Impact
packages Matrix

M&S
Environment
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Vehicle Level Assessment Approach
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Vehicle Level Assessment Methodology

Vehicle assessment method
combines technology impact Technology Modeling & Assessment

modeling with vehicle Technology Technology Technology Technology Factors
modeling, sizing and synthesis Portfolio f\;l’;'t‘f;t(fc";‘)’ '“‘pa(‘;t"\')l")a""‘ Pa;::‘ge:;'c

to evaluate performance

metrics Design of
Experiments
Advanced Vehicle Modeling Metrics Calculations
Technology impacts are — ﬂ Multivariate
Corrocs
modeled at component level Euliia egression
Emissions Prediction
— Allowed to propagate LT A G IE
. Noise Prediction
through EDS in order to p— Technology Space
determine the system Weight Sizing Coefficient Generation Exploration &
level benefits for Fleet Analysis Optimization
Propulsion Sizing —
Utilizes surrogate modeling to Technology Infused Vehicles ,‘ Analysis

evaluate technology trade Mission Analysis
space for multiple vehicle

configurations and classes -
Balance?
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Surrogate Modeling

Enabler for Quantitative Analysis

e Surrogate modeling is an enabling technique for rapid assessments with
variable fidelity analysis codes
e Surrogate models provide the following capabilities:
— Speed up processes
— Protect proprietary nature of codes used

— Overcome organizational barriers (protectionism of tools and data), allow for
the framework to be tool independent (no need for direct integrations of codes)

— Enables the desire for variable tool fidelity formulations
— Allow the designer to perform requirements exploration

— Technology infusion trade-offs and concept down selections during the early
design phases (conceptual design) using physics-based methods

 These surrogate models can also be used at the integrated system level to
determine responses at that level. This will allow us to move from
deterministic, serial, single-point designs to dynamic parametric trade
environments

Georgia & Aerospace Systems %
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Surrogate Generation Process

Design of Experiments to Capture
Entire Design Space

Run Modeling and
Simulation Environment

No

Iterate

Five Standard Tests to

Yes Ensure Validity

_ o "' "’r
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Fuel Cons. NOX (% Red) CO02 (%

Engine TW
30.61825

Sideline Flyover

Operating

9.01942 43.1214 Red.)

Noise
-2.10975

Noise
0.06517

Cost

-16.0272

-25.2596

otional"‘Example of Quantitative Analyses

Prediction Profiler

20
0-

-40-

100

-10=

-20"

100

20 : : : : : . . : :
10 : : . . . . . . .
07 5 5 : 5 : : : : :
R P [ P : : : R : : —
209 : = T ; ; : : : | T
30 : : : : : : : : :
forNnTL LN TORE N B S e N T G L foTaNOT 6 % b o@ N oE S T NoE S e e N e foraoe
3758888 FE38%¢ 37 s 37 S5 578885 ¢ -4 F 937 s 875 ¢ ¢ ¢ FTEEEzs
0.02 1.55 0.07 0.07 0.015 1.45 0.07 0.07 1.21 0.02
Fan Eff Fan PR Fan BD Fan SD LPC Eff LPCPR LPCBD LPC SD HPCTS HPC Eff
Random Random Random Random Random Random Random Random Random Random
Uniform Uniform Uniform Uniform Uniform Uniform Uniform Uniform Uniform Uniform
Lower 0.0125 Lower 1.51 Lower 0.21 Lower 0.21 Lower 0.005 Lower 1.33 Lower 0.21 Lower 0.21 Lower 1.09 Lower 0.004
Upper  0.0525 Upper 1.59 Upper 0.07 Upper 0.07 Upper 0.035 Upper 1.57 Upper 0.07 Upper 0.07 Upper 1.33 Upper 0.044
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otional-Example of Quantitativ

" Screening
Y|~ Screening for CO2 (% Red.)
¥| Contrasts

Term

-~ re
W 7w
=
w @
==

153 5
A0 = E
0 - @
1o

Pareto Analysis

Y|~ Screening for NOX (% Red)

¥ Contrasts

Contrast
0.381812 l
0.412201 |
0.452695 |
0.538686
0.442756 l
0.368793 l
0.352748 |
0.252358 I
0.179444 I
0.169683 |
0.173364
0.139164
0.152227
0.113781
0.096984
0.099864 |
0.098751 ]
0.074455
0.091648
0.074113
0.063570
0.058250
0.047375
0.044339
0.047810
0.042353
0.034110
0.037462
0.038969
0.032813

n 400
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Contrast
5.74328
2.72106
2.66960
-1.21648
1.17655
0.94797
0.74850
0.48532
0.41137
0.29744
0.28293
0.27375
0.17952
0.17483
0.16218
0.15743
0.13776
0.15292
0.12325
0.11995
0.11850
0.10489
0.08087
0.07507
0.05906
0.06170
0.05908
0.06008
0.05014
0.03897

n n202%c
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\Notional-Example of Quantitati

Dynamic Interactive Constraint Analysis

“ = Contour Profiler

Horiz Vert Factor Current X Response Contowr CurrentY Lo Limit  Hi Limit

Fan EM 001061 == CO2 (% Red 25 2511501
Fan PR 1.5696 NOX (% Reo ! 90 90983116 90
fan BD 0.1 = Fuel Cons } 1182564
Fan SD 02262 Engine T/W 45 48327535
LPC EN 0.04 Flyover Noise 1.125 1635454 1.125
LPC PR 15033 — Sideline Noise 0 -D446288
LAC 8D 023 OUperating Cost 3.75 2127837
LN o H( 15045997 337153
HRC TS 6 - ( 173966 393416
HX i" 0 16 / T ——
M PR 20 S ~'kumn,a| Sideline Noise
! 15t S10. PR t 034 ’ [ : Engine TAY
Comb 0.1 4
Turbene Temp (T4 33009299 1.575 < R ‘
HPT EN 0.05 -
HPT Loading 0.25 032
HPT 15t Vane Temp 100K
MPT 2nd Yane Temp &0 = % 1.55
HPT Blade Temp 400 &
MPT BD 1 3 " -
HPT SD 0.7 P
HPT MaxMT 400 1.525 .
LPT EH 00301887 t'.
LPT Load [ fOX
LT VT 200 -
LPT BT 400 . 1.5
LPT BD 0.1 L T 3300 3400 3500 3600
LPT SD 0.25 120 125 130 135 140 145 ! Turbine Temp (T4)
LPT MaxMT 154 71698 W
Drag Coeff 1
. W/s 14830189
. /W 027
Combustor Cooling 1
K- Emessions W0
Utilization 015
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otional*Example 6f Quantitative Analyses

Bivariate Plots

4~ Bivariate Fit of TSFC Reduction By Engine T/W 4~ Bivariate Fit of CO2 Reduction By NOX Reduction
6 wwm"mm.‘ - 5 FWH—I—WM
* 0
0 T — i
-2 ° -10- N/—
l | st - - .
g 4 g s | =\ ¢
ks \ T -20- |/}
S -8 [\ — \ i /I =
re \ \ . ( ol e
= -10 T O -257 V= \) /)
\ \ {{{ | ~J LL
12 ‘ -30- |\
14 = ~ 1 -\
- -35- (L =
-16 N N\
-18 0 -
-20 -45
-40 -20 010 3040 6070 90 110 130 -100 -80 -60 -40 -20 0 20 40 60
Engine T/W NOX Reduction
1234 9 Quantile Density Contours Y1234 9 Quantile Density Contours
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Notional-Example ‘of Quantitative Analyses

Scatterplot Matrix

4~ Multivariate View of All Potential Y by X Plots

c
o
=
bl
1
[+4
4 > Data Filter
Clear Start Over | Favorites ¥ -60 20 100
c
V] select [ ] Show [ ] Include NOX §
Reduction s
27 matching rows 3
[] Inverse &
¥ -43.090065 < CO2 Reduction < -25
-300 30 90 E
¥ -93.176046 < NOX Reduction <-90 Engine T/W E
— o
c
S

AND OR

-17 -9-5-13
TSFC
Reduction

TSFC
Reduction

-35 -2-05 1

Flyover 3 w
Noise § 5
=z

-2 -04 122 2
Sideline % 1.2 e
Noise % 04 5 2

L 04 ©v 8
0 12 @ z
5 b2

- ? 2

Cost E
v
5 10 2540 g%
) ;25 o
o I
% HC % 10 z
{ PRSI
iy I
-20 10 40 70
% Csoot

Georgia | Aerospace Systems
Tech || Design Laboratory 28




otional-Example of Quantitativ

4 = Data Filter
Clear | |Start Over Favorites ¥

[v] Select [W] Show [_] Include

2 matching rows
[ Inverse

¥ -43.090065 < CO2 Reduction < -25
T

¥ -7.636046 < NOX Reduction < 22.15
( T

¥'-11.105 < TSFC Reduction < -4.952
( —

¥ -9511 < Cost <3418
( —

AND || OR

Filtered Monte Carlo

4~ Multivariate View of All Potential Y by X Plots

-60 20 100 100
NOX 60
Reduction ) . 20

-20

-60

-30030 90

Engine T/W ‘ 30

-7 -9-5-13 3
TSFC -1
Reduction

-17

-35 -2-05 1
Flyover
Noise

-0.5

-35

2 04 122 ] 2

12
04
-04
12
-2

Sideline
Noise

-5 10 25 40

o

% HC

-20 10 40 70

% Csoot
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* Creating an Interactive Dashboard

e All of these techniques were utilized to analyze the
technologies and vehicle concepts investigated for the ERA
program

* Aninteractive, parametric dashboard was created within
the JMP environment

 The surrogate models are behind the scene of the
dashboard and are utilized for rapid performance
assessments

 The dashboard provides a ‘zooming’ capability because
performance information is provided from the technology
impact level all the way to the fleet level

 The dashboard is utilized by NASA decision makers analyze
the performance of technology packages and make vehicle
and fleet level tradeoffs
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Vehicle class and configuration selection with ability to Results of systems assessments
handpick technologies aggregated and displayed in a user-
friendly decision support tool

N% EAMVIDONMENTAI IV REepAnNcID) £ A\nA-rlnuAfDL Gives pO|ICy makers and teChnO|OgiStS
- ability to see the potential system

ngine Noise @ AirframeAcro @ AirframeNoise 8 Structure + Subsystem @ Engine Emission impacts of various aircraft configurations,
T AL LPTSTATOR ) CMPR. INTERCOOLER sy iy v s TR 13 | TN T
technology packages, and fleet
compositions

e S COOTED FLUIDIC f S| BUT OF "AUTOCTAVE
UDF CYCLE ZERO SPLICE INLET COOLING -TRBN INJECTION -ADD RIBLETS -WING CMPST. FAB. -WING
POST"BUCKIED
STRCT. -WING

ADV.TBC ACT. CMPR. HIGHLY LOADED [ FLOIDIC | f THROST ‘
COAT. -HPT BLADE CLEARANCE CTRL. CMPR. -ADD INJECTION -GTF REVERSERS -NACELLES

ROV, T6C RCT. CRIPR FIGHLY [OADED
COAT. -HPT VANE FLOW CTRL, CMPR. -GTF
ROV, T6C HIGHLY LOADED (T OVERTHE ) (TCONTINUOUS MODINET) PRI STRCT.
COAT. -LPT BLADE ACT-ALMCOOLING CMPR. -UDF RTR. ACOUSTIC TREATMENT LINK FOR FLAPS JOINING METHOD. -FSLG N @
JoINE METHOD. -WiNG
= Fuel Burn % NOX % Cumulative Noise Margin
— _ e — Reduction Reduction Noise dB Below Stage 4 dB
AFT COWL LINERS ACT. TRBN. FIGHLY (OADED [ D TOW STEERED
AN 3 FLOW CTRL. -ADD LP TREN FLAPLETS CMPST. STRCT, -FSLG.

Bk RCT, TRBN. TDRDV: 15C STATOR SWEEP [ TANDING GEAR TOW STEERED
=13 FLOW CTRL. -GTF COAT. -HPT BLADE AND LEAN (GTF INTEGRATION -MAIN CMPST. STRCT. -WING

ACT.
PYLONS SHAPING/BLOWING

’ RET, TREN. HIGHLY LOADED (T SFORTNACEITE ([ —
COAT. -LPTVANE CLEARANCE CTRL. HP TRBN. LIP LINER ) [FLAPEDGE TREATMENT |

Noise Margin
Below Stage 4 dB

COMBUSTOR NOISE D RDV. 16C f TANDING GEAR

ROV, [ "VRRIRELE ) ) UNITIZED METALLIC
PLUG LINER ENGINE COMPONENTS COAT. -HPT VANE GEOMETRY CHEVRONS INTEGRATION -NOSE STRCT. -FSLG,

Noise Margin
Below Stage 4 dB

S
ERIPST, TECH o . TORDV, T6C TORPTIVE: f STRTTINER | ONFTIZED METALLIC
(2010 BASELINE) ADV.ITD UDF CYCLE COAT. -LPT BLADE £ coMpLianTTE Y ['surract AcOUSTIC LINER STRCT. -TAIL

EXCRESCENCE ROV, FOWDER NITLCY, DISK TORDV.TEC T (— UNITIZED METALLIC
REDUCTION -HPC LAST STG. DISC COAT. -LPT VANE (" ADV. AEROWING SLAT-COVEFILLER | STRCT. -WING

FIXED GEOMETRY ADV. POWDER MTLGY. NT2RDV. TE8C r—\ TCTAL DV. SANDWIC! f Tore )
CORE CHEVRONS DISK -HPT DISC COAT. -HPT BLADE e CMPST. -FSLG ACT. COMBUSTION CTRL

Cumulative
Noise dB

|

ADV.POWDER MTLGY. DISK' N=2"ADV.TBC GHTWEIG
DISC COAT. -HPT VANE CMC LINERS

GUST
LOAD ALLEVIATION -LPT FIRST STG.

oL ROV, TREN NTZRDV.TEC P V. SANDW (TPPCOTEUSTORWIITARS)
LIP LINER SUPERALLOYS -HPT BLADES COAT. -LPT BLADE AR IR CMPST. -WING + ACT. COMBUSTION CTRL

NOX %
Reduction

PMC FAN BLADE ADV.TREN. ) N=2"ADV.TBC
WITH METAL L.E. SUPERALLOYS -HPT VANES COAT. -LPT VANE

Provides Pareto frontiers showing the potential benefits in
metrics and returns the technology packages for selected point

Fuel Burn %
Reduction
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RA Dashboard for N+2 Decision Support

Displays how technologies influence Allows for the user to compare performance
the aircraft configuration metrics across multiple vehicles simultaneously

Legend

LSA

« LSAOWN
LSA UDF

« LTA
LTAB27A

« LTABW

« LTAHWB
LTA HWB UDF

* Integrated within the decision support tool is the result of technology uncertainty propagation
from the individual technology impacts to the vehicle/fleet performance metrics

- Georgia | Aerospace Systems 2 *
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RA Dashboard for N+2 Decision Support

Provides user with ability to manipulate fleet composition to | * Output and results are
observe effects on fuel burn and emissions visualized at both the vehicle
tes10 Total Fuel vs. Year 2ee10 Range(Total Fuel) vs. Year System |eve| and at a ﬂeet—W|de
386110 18610 impact level
3.6e+10
1.6e+10
3.4e+10
32e+10 14e+10
3610 3 12010 * Providesinsight on which
2 28010 £ 1en0 technologies and configurations
B 26e+10 3 . .
24610 g should be pursued in order to
6e+9
. " meet system level goals —
186410 reso whether it be fuel burn,
iiz 0es0 emissions, noise, or a
o 2005 2010 2015 2020 ZOZSYEZSrSO 2035 2040 2045 2050 2005 2010 2015 2020 ZOZSth;)rBO 2035 2040 2045 2050 Com promise between a” three

Scenario BAU 2012 N2

65 dB Contour Comparison
10

0.5

Compares impacts on airport noise
contours for a generic runway
configuration to give insight on how
e 4 2 technologies reduce and reshape
contours )

> 00

-05

-10

Set As Baseline | Reset Baseline to BAU . Baseline Area (BAU-2050): 7.3955 nmi*2 Scenario Area (N2noise-2050): 1.4373 nmi”*2 k
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ERA ITD Uncertainty Assessment
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ITD Goals and ASDL Oportunity

* Each ITD goal is to “mature each technology with required supporting
technologies to reduce uncertainty of benefit projection”
— Accomplished through:
e Computational analysis
» Relevant field and/or flight testing
 The ability to link the experimental data collected from the ITD experiments to
the system level analysis already being conducted, and propagate the uncertainty,
was an identified gap in the ERA process, which provided an opportunity for a
collaboration with ASDL

 Ateam of ASDL PhD students were embedded into the technology development
teams, which provided a profound opportunity
 Working with the ERA ITD teams provided a profound opportunity
— Chance to work with experimental data
— Access to NASA and industry technologists

— Gain an insight into technology development processes and how decisions are
currently made

Technologists Industry
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ERA Technical Challenges and Technologies

4 p S )
Innovative Flow Control for Drag Reduction 12A+: AFC Enhanced Vertical Tail and Advanced
Demonstrate drag reduction of 8 percent | Wing Technology Flight Experiments )

. J
4 R
Advanced Composites for Weight Reduction \ 21A: Damage Arresting Composites )

Demonstrate weight reduction of 10 percent
compared to state of the art composites | ) - f _ _ - )
Qm} rrexsys | 21C:Adaptive Compliant Trailing Edge
. L ) )
(Advanced UHB Engine Design for SFC and Noise Reduction [ 1)
— - 30A: Highly Loaded Front Block Compressor
Demonstrate UHB efficiency to achieve 15 percent TSFC q )
reduction, while reducing engine system noise and s .
m|n|m|z||ng :NEIght, drag, NOx and integration penalties at | 35A: Second Generation UHB Integration

Ksystem eve X ) )

4 N\
Advanced Combustor Designs for NOx Reduction £ ( _ _ )
Demonstrate reduction of LTO NOx by 75% from CAEP 6 and cruise NOx | 40:Low NOxFuel Flexible Combustor Integration

by 70% without penalties in stability and durability of the engine system = /)

v : :

Alrframe-and Er'lglne BERlNIcn Concep.ts e Gulfstreanm’| soa: Flap Edge and Landing Gear Noise Reduction
Community Noise and Fuel Burn Reductions 2o s coveany . )
Demonstrate reduced component noise signatures

leading to 42 EPNdB to Stage 4 noise margin for the _ o )
aircraft system while minimizing weight and integration ’9| S1A:UHB Integration for Hybrid Wing Body

\_penalties /)
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Tchnology Uncertaity Approach

Each ITD goalis to “mature each technology with required supporting technologies to reduce uncertainty of
benefit projection”

Experimental data collected from the ITD experiments was linked to the system level analysis, which
enabled the propagation of uncertainty for performance progression tracking

ITD 21C: Damage Arresting Composites

Change in Structural KPP: AW

by FE+based Trades 3 Weight (Total Vehicle Structure)
* Centerbody (HWB)
* Wing (HWB)
* Fuselage (T&W)

Weight Estimation Inputs - wing(T&W) FLOPS System
* Allowable knockdowns
* Minimum M.o.S.

* Material stiffnesses

Uncertainty Sources ° Non-Optimal Factor '
+ Model fidelity Laminate density, etc... Weight

* Designallowables Estimation
* Material stiffnesses

* Panel imperfections
* Panel repairs, etc...

Resizing

Performance

Uncertainty

Experimental Mapping o _
Measurements Plans similar to this were |
performed for each ITD to |

Forces (Loads) _ ;
Strains Uncertainty produce the performance |

. Assessment progression over time i
Deflections ;
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Example Uncertainty Assessment Results

Monte Carlo simulations Sensitivity analysis provides Scaled impact - percent
provide distribution uncertainty source breakdown contribution remains the same

I - Represents the statisticalmean  **Nymbers have been removed to protect proprietary nature of the data e ; 7
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Fleet Level Analysis Approach and Sample
Results
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~ Technology-Evaltatior
beyond the Vehicle

There are three different levels at which technologies are evaluated
in the strategic planning and prioritization dashboard

Technology Assessment Levels

Aircraft Level Fleet Level

S ————— G ™ = -
Impact of technology Impact of technology Impact of technology
implementation at the vehicle implementation with local spatial implementation scaled at the
level: consideration. Accounts for entire US traffic:

LTO NOx, airport specific characteristics. - Global NOx - Scaling of the

Fuel Burn - Noise contours vehicle-level data
Noise - Local NOx - Global fuel Burn - Scaling of

the vehicle-level data
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Connecting Vehicle and Fleet Assessments

Technologies EDS s Aiadd
TSFC Weight | Aero Generic Vehicles AE[?T' Aviation .
« Benefit < Environmental Design Tool
* Cost =
e Applicability = ]
o Availability 7 GREAT: Global and

Regional Environmental
Analysis Trade-off

Technology Roadmaps Scenarios

RJ I. O Iﬁ Scenario 1
SA A ‘ OI Scenario 2
STA |
LTA| | A & O
2015 2020 Time
Vehicle Performance
Operations Characteristics Fleet Impact

e Demand Forecast ' N‘I;etnc

¢ Aircraft Retirements

¢ Replacements Schedule AEDT or GREAT
Fleet Analysis

e FB/Operation
e Total Ops
e Total FB

Time
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Connecting Vehicle and Fleet Assessments

To determine future fleet composition, the
following need to be considered:

—  Retirements
—  Replacements
—  Fleet growth

Parametric retirement curves are derived

based on historical trends for different vehicle
classes

Advanced technology fleet vehicles are
included in the fleet as replacement aircraft
and additional aircraft due to demand growt

The technology level of these advanced

aircraft (N+1, N+2, N+3) are determined
based on introduction timeframe

The system assessment has capability to

assess both standard and aggressive
technology introduction rates

Tech
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100% —
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ForecastChans

1800
=2013 Forecast
1600 =—27012 Forecast
==727014 Forecast
=015 Forecast
1400
m
[ e
o
= 1200
aQ
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9
'5 1000
@
=Y+
c
8 800
@
a.
3
s 600
>
Q
(3
400
200
0 T T T T T
2010 2015 2020 2025 2030 2035

Year

Reduced Growth: Recovery slower than expected

Georgia & Aerospace Systems ?
Tech || Design Laboratory 43

=




Forecast Operations

25 ' ' ! ! ! ! ! !
— 2013 Forecast : : : : : :
— 2014 Forecast
2015 Forecast
20 ‘ '

1] R

Differences amplified by changes
in:

 Load factor

» Aircraft size

* Flight distances

Air Carrier Operations [Million Flights]

O ] ] ] ] ] ] ] ]
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year
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Forecast Comparison

200 | | | | | I | |
© — Qut of Production Retirement 2013 Forecast : : :
8 — Out of Production Retirement 2014 Forecast
™N Out of Production Retirement 2015 Forecast
2 5 E E E : : I :
o 150F-------: R SR R R PR LR R =
= : : : : ; ; ; ;
L .
O
Q
'
R s s s s s 5 5 s
v 100 - P e SERREERE R SR . SR 1
]
O
-]
4_: ; ! : : : : : :
Q9 50 F-----oqieiiinnn R R R R e .
) ! ! ! ! : : : :
=
-t
O
Q
o

0 | | | | | ] ] |

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

Progressively lowered forecast has major impact on results .
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Assumptions for N+1, N+2, and N+3 Results

* Airline network scales differentially by airport as per forecast

* Forecast traffic will be possible without increasing delays/inefficiencies

(Forecast is used to allocate infrastructure funds to try to meet required
capacity)

 Network covers domestic flights (US Air Carrier Operations) plus
international departures

* No significant size shift on a per route basis, except
— Regional jets get larger/somewhat shift to single aisles
— Single aisle replacements have more seats

e All N+x technologies are available simultaneously in the projected year

* Production line shift to new aircraft requires on average four years to
complete

 Retirement of older aircraft does not deviate from historical averages

 Long economic life leads to slow turnover of the fleet so that new aircraft
require time to penetrate the operational fleet in significant numbers
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Final Remarks

Developed and implemented a trusted process for system analysis

Developed technology uncertainty propagation and quantification
method that demonstrated uncertainty burn-down

Generated results for both vehicle system and fleet levels

Accomplished assessments with inter-agency and industrial
partnerships

Fleet analysis shows that technologyimpacts at the fleet level will not
be seen for several years after introduction until sufficient aircraft
have been placed into the fleet

With the process at hand, you can see how much of gap has been
closed and what remains to be accomplished next
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