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FAP, Subsonic Fixed Wing Project

Address the Environmental Challenges and Improve the Performance
of Subsonic Aircraft

Objectives:

* Prediction and Analysis tools for reduced uncertainty

» Concepts and technologies for dramatic improvements in noise,
emissions and performance

Significance: = -

 Environmental Challenges for Aviation are Staggering (N0|se Fuel
Usage and Emissions)

* NextGen Airspace Challenges Place Additional Demands on the
Vehicle

« Subsonic Air Transportation is Vital to Our Economy and Way of Life

Technologies, Tools and Knowledge

Fundamental Aeronautics Program
Subsonic Fixed Wing Project



Scope of the Project

Subsonic and Transonic Commercial Transports

Direct Impact on a Wide Range of Aircraft: Relevant to Industry, Academia and OGAs

Basic and Applied Research: From Fundamental Physics to Complete Vehicle Systems

Technical Disciplines:
» Acoustics
« Aerodynamics
* Aerothermodynamics
 Combustion
 Controls and Dynamics
e Structures, Aeroelasticity and Materials
« Systems Analyses, Design and Optimization

» Diversified Workforce:
» 287 Work Years In-House & Contractor
53 NRAs to Academia and Large and Small Businesses
* Numerous Formal and Informal Technical Working Groups with the Technical
Community at Large

« Total Full-Cost FY10 Budget: $60 M ($11 of which are for NRAS)

Fundamental Aeronautics Program
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Subsonic Fixed Wing Leadership Team
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Project Executive Team
Principal Investigator: Rubén Del Rosario
Project Manager: Greg Follen
Project Scientist: Rich Wahls
Tech Integration Manager: Anna McGowan
Senior Tech Advisor: Jim Heidman

i

J

Project Management Team

NRA Manager: Kim Pham
Associate Project Managers:
Susan Wilz (L) Kevin Walsh (D)
Craig Hange (A) Robert Bush (L)

Business Support Team

N

Lead Resource Analyst: Sarah Samples
Lead Scheduler: Mandy Eberwine

Center Resources Analysts:

Julie Fowler (L)  John Kuminski (G)

Christian Aguilar (A)

Acoustics
API: Ed Envia

Aero thermo. | Aerodynamics
API: Nateri Madavan API: Mike Rogers

Struct, AeroE & Matl.
API: Karen Taminger

Combustion Controls & Dyn.
API: Dan Bulzan API: Diana Acosta

Strateqic Partnerships

MDAO: Cynthia Naiman
BWB: Dan Vicroy
CESTOL: Craig Hange

Aero Efficiency: Dave Voracek JPDOICLEEN: Del Rosario, et al
Qulet Tech.: Charlotte Whitfield Green Prop. Initiative: Mike Nathal

UHB Engines Tech: Chris Hughes
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NASA Subsonic Transport System Level Metrics

.... technology for dramatically improving noise, emissions, & performance

N+1 (2015)*** N+2 (2020)*** N+3 (2025)***
Technology Benefits Technology Benefits Relative to Technology Benefits
CORNERS OF THE 2 & &
Relative to a a
TRADE SPACE Single Aisle Reference Large Twin Aisle Reference
Configuration Configuration
Noise -32dB -42dB -71dB
(cum below Stage 4)
LTO NOx Emissions -60% -15% better than -75%
(below CAEP 6)
Performance: -330%p** -40%** better than -70%
Aircraft Fuel Burn
Performance: -33% -50% exploit metroplex*
Field Length concept

***Technology readiness level for key technologies = 4-6
** Additional gains may be possible through operational improvements

* Concepts that enable optimal use of runways at multiple airports within the metropolitan area

SFW Approach
- Conduct Discipline-based Foundational Research

- Investigate Advanced Multi-Discipline Based Concepts and Technologies
- Reduce Uncertainty in Multi-Disciplinary Design and Analysis Tools and Processes

- Enable Major Changes in Engine Cycle/Airframe Configurations
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NASA Subsonic Transport System Level Metrics

.... technology for dramatically improving noise, emissions, & performance

N+1 (2015)*** N+2 (2020)*** N+3 (2025)***
Technology Benefits Technology Benefits Relative to Technology Benefits
CORNERS OF THE Relative o e v
TRADE SPACE Single Aisle Reference Large Twin Aisle Reference
Configuration Configuration
Noise -32dB -42 dB -71dB
(cum below Stage 4)
LTO NOx Emissions -60% -15% better than -75%
(below CAEP 6)
Performance: -33%** -40%** better than -70%
Aircraft Fuel Burn
Performance: -33% -50% exploit metroplex*
Field Length concept

***Technology readiness level for key technologies = 4-6
** Additional gains may be possible through operational improvements

* Concepts that enable optimal use of runways at multiple airports within the metropolitan area

SEFW Approach
- Conduct Discipline-based Foundational Research

- Investigate Advanced Multi-Discipline Based Concepts and Technologies
- Reduce Uncertainty in Multi-Disciplinary Design and Analysis Tools and Processes
- Enable Major Changes in Engine Cycle/Airframe Configurations
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N+1 Potential Reduction in Fuel Consumption

Fuel Burn = 39,300 lbs
1998 EIS Technology

F 3

“N + 1” Conventional Small Twin

e 162 pax, 2940 nm mission baseline Adwiticsd PopUliiR
e Ultra high bypass ratio engines, geared A Fuel Burn = - 15%
* Key technology targets:

Increase in turbomachinery component effs.

-25% turbine cooling flow -8400 Ibs (-21%)
+50 deg. F compressor exit temp (T3) Advanced Materials and Structures
+100 deg. F turbine rotor inlet temp (T41) - A Fuel Burn = - 5%

-15% airframe structure weight Aerodynamic Improvements
A Fuel Burn = -1.5%

-1% total vehicle drag b
-15% hydraulic system weight > zv::t:ﬂ::::r:;e:f e

v
Fuel Burn = 30,900 lbs

Fuel Burn = 39,300 lbs
1998 EIS Technology
A

Advanced Propulsion

“N +1” Advanced Small Twin A Fuel Burn = - 13.4%

* All technologies listed above plus:
Hybrid Laminar Flow Control Advanced Materials and Structures 13,100 Ibs (-33.3%)
67% upper wing, A Fuel Burn =-4.4%
50% lower wing,
tail, nacelle
Result = -17% total vehicle drag

Advanced Aerodynamic Technology
A Fuel Burn = - 15.4%

Subsystem Improvements

Fundamental Aeronautics Program 4
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NASA Subsonic Transport System Level Metrics

.... technology for dramatically improving noise, emissions, & performance

N+1 (2015)*** N+2 (2020)*** N+3 (2025)***
Technology Benefits Technology Benefits Relative to Technology Benefits
CORNERS OF THE Relative o = o
TRADE SPACE Single Aisle Reference Large Twin Aisle Reference
Configuration Configuration
Noise -32dB -71dB
(cum below Stage 4)
LTO NOx Emissions -60% -75% better than -75%
(below CAEP 6)
Performance: -330%p** -40%** better than -70%
Aircraft Fuel Burn
Performance: -33% -50% exploit metroplex*
Field Length concept

***Technology readiness level for key technologies = 4-6

** Additional gains may be possible through operational improvements

* Concepts that enable optimal use of runways at multiple airports within the metropolitan area

SFW Approach

- Conduct Discipline-based Foundational Research

- Investigate Advanced Multi-Discipline Based Concepts and Technologies

- Reduce Uncertainty in Multi-Disciplinary Design and Analysis Tools and Processes

- Enable Major Changes in Engine Cycle/Airframe Configurations
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N+2 Potential Reduction in Noise

Includes estimate of maximum propulsion noise shielding

50.0 HWB Estimate
Stage 4 - 42 dB cum
100 ~20 dB cum
. , 19.9 dB shielding - due to Shielding
T Best Cumulative Estimate
g | Tube & Wing _I
w — o S EE e s I S S S e s S . - s
2
% 200 Stage 4 5 26 dB 22.3 dB baseline s [Ichevrons
& o M Shielding
° 1.1 dB chevrons mB ,
o aseline
L R— 11.4 dB baseline
0.0
-10.0
SOA HWB SOA HWB SOA HWB SOA HWB
Cutback Sideline Approach Cumulative
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NASA Subsonic Transport System Level Metrics

.... technology for dramatically improving noise, emissions, & performance

N+1 (2015)*** N+2 (2020)*** N+3 (2025)***
Technology Benefits Technology Benefits Relative to Technology Benefits
CORNERS OF THE Relative o v ¥
TRADE SPACE Single Aisle Reference Large Twin Aisle Reference
Configuration Configuration

Noise -32dB -42dB
(cum below Stage 4)
LTO NOx Emissions -60% -75%
(below CAEP 6)
Performance: -33%** -40%**

Aircraft Fuel Burn

Performance: -33% -50%
Field Length
***Technology readiness level for key technologies = 4-6

** Additional gains may be possible through operational improvements

* Concepts that enable optimal use of runways at multiple airports within the metropolitan area

SEW Approach
- Conduct Discipline-based Foundational Research

- Investigate Advanced Multi-Discipline Based Concepts and Technologies
- Reduce Uncertainty in Multi-Disciplinary Design and Analysis Tools and Processes
- Enable Major Changes in Engine Cycle/Airframe Configurations
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Challenging Goals But Physically Possible @

Parametric Results: Combined Improvements

Required to Achieve N+3 Goals

Engineering, Operations & Technology | Phantom Works Platform Performance Technology
f \ N Baseline Ener Colnsum tion
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SFW FY09 Greatest Hits

Technical Highlights for FY09 are a
Combination of:

1. Research Continuing to Thrive in SFW
2. Technology Transitions from SFW to ISRP

Fundamental Aeronautics Program
Subsonic Fixed Wing Project
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Fan Noise Reduction Technology

Development

Objective: Demonstrate fan noise reduction
technologies that can augment noise benefits of
ultra high bypass (UHB) cycle engine in support of
the SFW project’s noise goals, especially the N+1
goal.

Approach: Implement two NASA-developed fan
noise reduction concepts, over-the-rotor (OTR)
treatment and soft vane (SV), in a model scale UHB
cycle fan rig and test it in the wind tunnel
environment under representative conditions.

Results & Impact: Analysis of the test results show
half of the anticipated noise reduction benefits form
this generation 1 implementation (4 dB was
theorized, but only 2 dB was realized). The
measured benefits of the two technologies can be
applied as insertion loss spectra in ANOPP to
estimate their system level impact. The test fulfills
an interim acoustics subproject milestone on the
development of propulsion and airframe noise
reduction technologies.

Fundamental Aeronautics Program

Subsonic Fixed Wing Project . K
(Acoustics), & John Gazzaniga (Aero).

&

Over-The-Rotor
Treatment

Soft Vane

UHB Fan Rig in 9x15

Wind Tunnel Evaluation of
OTR & SV Fan Noise
Reduction Concepts

Research Team: Chris Hughes (Team Led), Mike Jones, Richard Woodward, David Elliott

20



Fundamental Aerodynamic Investigation of The Hill

(FAITH)

Fundamental Aeronautics Program
Subsonic Fixed Wing Project

Objective: To generate an experimental
database with well-documented inlet and
boundary conditions that will enable an
assessment of our ability to predict flow
separation location and complex flow
behavior in the separated regions.

Approach: Use a variety of experimental
techniques (PSP, PIV, skin friction, cobra
probe, oil flow visualization) to thoroughly
measure the flow around a simple
axisymmetric hill model.

Results and Impact: Flow visualization
captures flow complexity. Cobra probe,
PSP and skin friction measurements
underway. Initial CFD predictions being
generated. Database to be used for
turbulence model development.

Overlay of Surface Oil Flow and PSP Data

Research team: ARC: James Bell, Greg Zilliac, J.T. Heineck, Kurt Long, Rabi Mehta; Grad
Student: Katy Swanson (Rose-Hulman Institute of Technology).

21



Aviation Alternative Fuel eXperiment @/

Objective: Evaluate effect of Fischer-
Tropsch Synthetic Fuels (CTL and GTL)
on aircraft engine emissions and study
fuel effects on plume chemistry

Approach: Two F-T fuels tested at 100%
synthetic and 50/50 blend in NASA DC-8
CFM56 engine and Honeywell APU.
Emissions sampling at 1m, 30m and
~200m downstream under hot and cold
ambient conditions.

Results and Impact: 1st ever test of
100% synthetic fuel in an aircraft. Fuel
system seal issues encountered.
Particulate and gaseous emissions data
obtained. SFW.06.04.003 Completed
with this test.

Fundamental Aeronautics Program
Subsonic Fixed Wing Project
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* Objective: Develop concepts to reduce the
noise associated with the leading edge
component of conventional high-lift systems
while not negatively impacting cruise
aerodynamics or landing lift/stall characteristics.

AOA=6°

Multi-Objective Leading Edge Concepts @/
~
[N

>
'\ Main Wing
p g =
i: Slat F ’ ._-J' ' 33
\ Y ‘4/ i_ o
" Unsteady Aero® -,

 Approach: Three parallel efforts by Boeing,
Lockheed Martin and Northrop Grumman at
$150k each. Multi-disciplinary paper study
including aerodynamic, aeroacoustic and
structural calculations/simulations.

 Results and Impact: “Slat-cove filler” (SCF) and
“drooped leading edge” (DLE) concepts were
proposed. ~5 dB possible with SCF and TRL-
appropriate for N+1. >10 dB possible with DLE
and TRL-appropriate for N+2 or 3. Seeking over-
guideline funding for follow-on activity.

Fundamental Aeronautics Program Research team: Boeing, Lockheed Martin and Northrop Grumman monitored by
LaRC Multi-Objective Aero-Structures Team



SFW Airframe Research Transitions to ERA £t

Drag Reduction

Addressing concepts and barriers
to achieving practical laminar flow on transport a/c

-y Natural Hybrid
Laminar Flow Laminar Flow
' Control

Distributed Roughness
Elements

Fundamental Aeronautics Program
Subsonic Fixed Wing Project

Airframe Noise

Extensive Analytical Modeling and Experimental
Testing of Airframe Noise from high-lift systems
and landing gear resulted in advancements in
prediction capability and improved low noise
performance

24



Combustor Technology Development

Specific Fuel Consumption
SFC (Ib/lb-hr)

0

* Partial Pre-Mixed Injection
* Lean Direct Multi-Injection
* Lightweight CMC Liners
» Advanced Instability Controls

SFC NOx m
Improving Combustor ¥y o m
Technology i g3
Improving ’ a5
Engine it ; o
/ 3
performance Qo
£
Q q
= *
e - 9
- - - 2l i
T — ‘.- T T T
10 20 30 40 50 60

Overall Comi;ressor Pressure Ratio (Thermal Efficiency)

nvestigating advanced
combustor concepts to address
reduced NOx emissions goals

Fundamental Aeronautics Program
Subsonic Fixed Wing Project

SFW Propulsion Efforts Transitioned to ERA (8

Ultra-High Bypass Ratio Engine Research

Open Rotor Propulsion Rig

Powered UHB
Semi-Span Model

UHB Turbofans

Pressure-Sensitive Paint Data

Addressing multidisciplinary
challenges from subcomponent
to installation to achieve ultra-
high bypass ratio for fuel burn
and noise reduction

25



SFW Concept Studies Transitions to ERA

Hybrid Wing Body (HWB) Concept Demonstrates Significant Noise and Efficiency Improvements
SFW Research Completes Critical Initial Assessments of Required Structural Concepts and Flight
Dynamics and Controls Capabilities

Extensive Flight and Wind-Tunnel Testing to Development and Analytical and
Understand Flight Dynamics and Controls Experimental Assessment of Light
Challenges and Acoustic Performance Weight Structural Concept

Pultruded Rod Stitched Efficient Unitized
Structure (PRSEUS)

X-48C Wind-tunnel
Tests Completed

Test
Region

Fundamental Aeronautics Program
Subsonic Fixed Wing Project
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SFW FY10 Technical Content

(Acoustics; Aerodynamics; Aerothermodynamics; Combustion; Controls and Dynamics; Structures,
Aeroelasticity and Materials; Systems Analyses, Design and Optimization)

Acoustics

Olnnovative flow and noise diagnostic techniques for
noise source characterization

oMulti-fidelity aircraft component and system noise

prediction tools

OPropulsion & airframe noise reduction technologies
OAnalysis of low-noise aircraft configurations

Aerodynamics

OReducing separation, increasing circulation and
producing lift with minimal drag

OAdvanced numerical methods including: turbulence
modeling; unstructured grids; high-order methods;
uncertainty analysis and improved prediction of
separated flows

OActive flow control including circulation and
separation control

oSmall and large scale validation testing

Fundamental Aeronautics Program
Subsonic Fixed Wing Project
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SFW FY10 Technical Content

&

(Acoustics; Aerodynamics; Aerothermodynamics; Combustion; Controls and Dynamics; Structures,

Aeroelasticity and Materials; Systems Analyses, Design and Optimization)

Aerothermodynamics

OEfficient, Highly-Loaded Turbomachinery for High OPR
Engines

OFlow Control Technology

ONovel Turbine Cooling Techniques

Olmproved Prediction Methods for Aerodynamics, Heat
Transfer and Aeroelasticity

OEmbedded Engine Performance

Combustion:

Oolmproved Combustion Prediction Tools
OHigh-Fidelity Combustor Validation Data

OLow NOx Emissions Concept Development and
Evaluation

OCharacterize Alternative Fuels to Ensure Combustor
Fuel Flexibility

OParticulate Emission Measurement and
Characterization

Fundamental Aeronautics Program
Subsonic Fixed Wing Project
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SFW FY10 Technical Content

(Acoustics; Aerodynamics; Aerothermodynamics; Combustion; Controls and Dynamics; Structures,
Aeroelasticity and Materials; Systems Analyses, Design and Optimization)

Controls and Dynamics
Olmproved analytical and experimental prediction

methods for flight dynamic characteristics ;.‘-_',':;:..'ﬁj

oDistrib. engine control research for advanced tech. j{,ﬁ :
OAdv. control effector research for improved efficiency F N /
and performance (engine and airframe) -+ \
oControl law research addressing the challenges and _F,,...--ﬁ'#/ -
opportunities of future aircraft and engine control e

OVehicle and mission-level analysis to improve
efficiency of aircraft in the National Airspace System

Structures, Aeroelasticity and Materials (SAM)
Olntegrated matls-strs & matls-strs-aeroelasticity
design concepts that exploit: tailoring, multi-
functionality, ultra light weight, & adaptive concepts
OTargeted Focus Areas:
0 Engine: Hot section (seals, alloys, coatings), Integr.
fan case, Var. Area Nozzle, Red. Blade Vibrations
O Wing: Low noise, aeroelastically-tailored for low
weight and laminar flow

0 System: Red. cabin noise and more electric aircraft

Fundamental Aeronautics Program
Subsonic Fixed Wing Project




SFW EY10 Technical Content @’

(Acoustics; Aerodynamics; Aerothermodynamics; Combustion; Controls and Dynamics; Structures,
Aeroelasticity and Materials; Systems Analyses, Design and Optimization)

L 7

=
=
e

Systems Analyses, Design and Optimization (SADO) P
oPerform Trades Studies to Investigate Vehicle \“{“"{-
Performance, Noise and Emissions Design Space »

OAssess Advanced Aircraft and Engine Concepts for o . — e e
Performance, Noise & Emissions J

oDevelop High-Fidelity Design & Optimization Tools
oDevelop Multi-Generational MDAO Tools

Integrated Conceptual Design System
Using ModelCenter

T >

Multi-Disciplinary Design, Analysis and Opt. Tools
OEstablish the groundwork and provide an open
source next gen. framework, i.e., OpenMDAO
OCollaborate with the MDAO community in
industry, academia and other gov’t agencies to
advance the science of MDAO

olmprove current MDAO tools and integration
techniques in the near-term

Fundamental Aeronautics Program

Subsonic Fixed Wing Project
31



SFW NRA Investments @’

Round 1, 2006 - Fundamental Research $19M 30 3-5yrs

Round 2, 2007 - N+2 Technologies $26M 19 3-4yrs

Round 3, 2008 - N+3 Technologies $8M 4 18 mos
Total $53M 53

« Round 1 (foundational) — Establish the fundamentals of noise reduction, emissions
reduction, and performance improvement technologies -

— High-Fidelity Numerical Simulation
— Fundamental Diagnostic Experiments
— High-Fidelity Prediction Tools
— Physics-Based Modeling
 Round 2 (N+2 Metrics) - Develop hybrid wing/body (HWB) enabling technologies -
— Low Speed, High Lift, and Low Noise Technologies
— Integrated Embedded Propulsion Systems
— Materials & Structures for embedded engines, wing components and non-circular Fuselage

* Round 3 (N+3 Metrics) — Anticipate and prepare for 2030-35 air travel needs —
— Develop future scenarios
— ldentify advanced concept, mission, and enabling technologies
— Assess technology risks
— Establish enabling technologies roadmaps

Fundamental Aeronautics Program
Subsonic Fixed Wing Project



SFW Sessions (Atlanta A-B)

« Tuesday Afternoon: Advanced Airframe Technologies

« Wednesday Morning: Advanced Engine Technologies

 Wednesday Afternoon: Feedback Session (Open + One-
on-One

e Thursday Morning: Tools & Capabilities for R&D

o Thursday Afternoon: Vehicle Concepts and Integration

Fundamenta | Aeronaut ics Progra m
Subsonic Fixed Wing Project
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Summary

e Addressing the Environmental
Challenges and Improving
Performance of Subsonic Aircraft

« Undertaking and Solving the Enduring
and Pervasive Challenges of Subsonic
Flight

* Understanding and Assessing the
Game Changers for the Future

« Strong Foundational Research in
partnership with Industry, Academia
and Other Government Agencies

Technologies, Tools and Knowledge

Fundamental Aeronautics Program
Subsonic Fixed Wing Project
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Questions or Comments @

Fundamental Aeronautics Program
Subsonic Fixed Wing Project
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Now Presenting

Fundamental Aeronautics Program
Subsonic Fixed Wing Project

Ms. Susan Gorton
Principal Investigator
Subsonic Rotary Wing
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BACK-UP Charts

Additional Technical Highlights
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Multi-Disciplinary Design Analysis & Optimization @
(MDAO) Partnerships |

* Objective:

— Advance the science of MDAO.
e Approach:

€) opepmonoz

— Establish the groundwork and provide an open Open source

source next generation framework, i.e., OpenMDAO.

— Collaborate with the MDAO community in industry,
academia, and other government agencies.

— Improve MDAO tools and integration techniques.
i ) | @, python

* Results and Impact:

— Invited to brief OpenMDAO status to Boeing enterprise MDAO

representatives. Establishing Space Act Agreement with

: Integrated Conceptual Design System
Boeing. Using ModelCenter

— Establishing Inter-Agency Agreement with DoE’s Sandia Lab.

— Held initial telecoms with Northrop Grumman & GE Aviation to .
discuss potential MDAO collaboration. | or SHE

— -

— Contacted partners to see if interested in collaborating. s L —
Potential partners who have expressed interest: Lockheed- =
Martin, Williams-International, Rolls Royce, and Honeywell. Lk

Ej;Sj::f;‘fj;j&j?n";§:‘(fjseftr°gram Research team: Cynthia Naiman (Team Lead), Bret Naylor, Scott Townsend, Keith
Marsteller, Ken Moore, Justin Gray 39



Initial Dynamic Tests Completed for Assessment
of Stability and Control Prediction Methods

Objective: Assess the state-of-the-art in computational
fluid dynamics methods for the prediction of static and
dynamic stability and control characteristics.

Approach: NASA is participating in the NATO RTO
AVT-161 “Assessment of Stability and Control
Prediction Methods for NATO Air and Sea Vehicles.”
NASA'’s primary contribution is in the development and
CFD analysis of a generic UCAV wind tunnel model for
dynamic testing in the DNW-NWB tunnel in
Braunschweig, Germany as well as LaRC’s 14x22 and
12-foot tunnels. The AVT-161 group will also be
conducting CFD S&C predictions on the more complex
X-31 aircraft geometry and comparing with available
experimental measurements.

Results and Impact: NASA delivered the model on
schedule and participated in the first wind tunnel entry
completed in Jan 09. A follow-on entry for PIV
measurements was completed last month. The model
will be shipped back to LaRC in June for additional
testing in FY10. The final data set will include both
static and dynamic flow field, pressure and force and
moment measurements

Fundamental Aeronautics Program
Subsonic Fixed Wing Project

Research team: Dan Vicroy, Neal Frink, NATO RTO AVT-161 40



Aeroelastic Multidisciplinary Analysis & Opt.

Objective: Reduce uncertainty in the vehicle design process and enable expanded

Technical Challenge: Incorporate structural dynamics and aeroelasticity at a

Approach:

vehicle design space by eliminating performance penalties imposed by late-term
design fixes required for aeroelastic stability and characteristics

systems analysis level

» Develop MDAO methodology for preliminary design stage

» Develop analysis modules for flutter optimization in different flight regimes
» Select a testcase that is relevant to SFW

» Select a testcase that is aeroelastically challenging

Results and Impact:

Testcase selected: A hybrid wing body configuration - analytical model utilizing a
preliminary stiffness distribution from strength sizing efforts and a mass distribution which
has not yet been correlated with the vehicle design.
Baseline aeroelastic analysis performed: Standard practice linear structural and
aerodynamic tools were used; Interesting and challenging flutter mechanisms were
produced
Impact:
— Our research plan should include performing similar analyses as vehicle-correlated
models become available
— This HWB analytical model will serve well as a testcase for the optimization process
demonstration
— The future results from the optimization effort may be valuable in vehicle development
— The analysis results highlight that HWB configurations are susceptible to the same
aeroelastic issues as previous aircraft generations

Fundamental Aeronautics Program

Velocity

Subsonic Fixed Wing Project Research team: Chan-gi Pak (Team Led), Wesley Li, Shun-fat Lung

41



NASA/GE Highly-Loaded Turbine Tests @

* Objective: Aerodynamic testing of advanced, highly-
loaded GE-UEET high-pressure and flow-controlled
low-pressure turbine to provide detailed experimental
data for CFD code validation.

» Approach: Major upgrade to turbine test (W-6) facility in
progress to accommodate tests

e Status:

* 90% Design Review completed May 5, 2009. Review
topics included piping, combustors, synchronous
machine, driveline components, variable frequency,
controls, data systems, hazards analysis, and
requirements compliance.

* Review was successful. Committee raised no
objections to continuing the design to completion. Few _
minor action items were noted. « Synchronous machine will

« Shakedown tests to start in FY09, research work in absorb test turbine power.
FY10.  Generator mode will put power

back on the GRC electrical grid.
* Up to 12,400 hp (9.2 MWatts).

Fundamental Aeronautics Program
Subsonic Fixed Wing Project

Research team: Paul Giel, Team Lead (ASRC); John Fabian; GE Aviation (Partner) 42
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