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Subsonic Rotary Wing (SRW) Project
 

Goal: Enable radical changes in the transportation system through 
advanced concept rotary wing vehicles 



Subsonic Rotary Wing Project
 

Directed to focus on: 
– NextGen Rotorcraft Developments 
– Mobility / Capacity 
– Efficiency 
– Energy and Environment 



System Study Results
 

Recent System Studies: 
- N  ASA Heavy Lift/ Large Civil 

Tiltrotor (LCTR2) 
- Future Concepts in the 

NextGen 
- Technology Benefit 

Assessment for Compound 
and Tiltrotor Systems 

- Tiltrotor Fleet Operations in 
the NextGen 

Status/Results 
- Vertical capability at one or both 

ends of a 300-600nm mission 
increases airport capacity.   

- Large, advanced technology 
tiltrotors consistently outpace 
other configurations in the ability 
to meet transportation mission 

- Advanced technologies give 
tiltrotors cost and operational 
parity with configurations 
already in use 

- In latest 3 studies (2009, 2010, 
2011) Civil tiltrotors show 
capability to improve airspace 
system performance 
significantly  . 



  

Large Civil Tiltrotor 2nd Gen (LCTR2)
 
• NASA’s notional high-speed configuration 

• Use to model configuration capabilities in the Airspace 
• 90 passengers, 300 knots cruise speed, 1000 nm range (nominal) 
• Hover tip speed 650 fps / cruise tip speed 350 fps 

Reference: Acree, C. W., Hyeonsoo, Y., and Sinsay, J. D., “Performance Optimization of the NASA Large Civil Tiltrotor,” NASA TM-2008-215359. 
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Subsonic Rotary Wing (SRW) Project
 

Objective: Identify enabling technologies and research areas applicabl
to many different advanced concepts and missions 
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Subsonic Rotary Wing (SRW) Project
 

Technical Challenges:  Areas to focus NASA research
 

SRW Technical Challenge Criteria 
•	 Attacks a barrier issue for rotorcraft 
•	 Challenges the State of the Art 
•	 Reaches for the boundaries of the problem 
•	 Provides long-term challenge but produces relevant 

technology to transition in the interim steps 
•	 Benefits multiple configurations and multiple missions
 
•	 NASA has critical mass to accomplish major pieces 
•	 Provides partnership opportunity for gaps 

Industry 
0-5 years 

DOD 6.1/6.2/6.3/6.4 
5-15 years 

NASA (TRL 1-6) 
10-20 years 

University 
15-25 years Time to Entry in Service 
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2012 SRW Technical Challenges 

• Integrated Aeromechanics/Propulsion System (IAPS): Develop and 

demonstrate technologies enabling variable-speed rotor concepts 
•	 Goal: 50% main rotor speed reduction while retaining propulsion efficiency 

• Actively-Controlled, Efficient Rotorcraft (ACER): Simultaneously increase 
aerodynamic efficiency, control dynamic stall, reduce vibration, reduce noise 
•	 Goal: 100 kt speed improvement over SOA;  noise contained within landing area; 90 pax /10 ton 

payload 

•	 Quiet Cabin (QC): Reduce interior noise and vibration 
•	 Goal: Internal cabin noise at level of regional jet with minimal weight penalty 

• NextGen Rotorcraft: Foster, develop and demonstrate technologies that 
contribute to the commercial viability of large rotary wing transport systems in 
NextGen. 
•	 Goal: mature technologies (icing, crashworthiness, condition based maintenance, low noise flight 

operations, damage mitigation, etc) needed for civil, commercial operations 

• High Fidelity Validated Design Tools: Develop the next generation 
comprehensive rotorcraft analysis and design tools using high-fidelity models. 
•	 Goal: first-principles modeling in all disciplines; tools scalable to many processors 9 
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Subsonic Rotary Wing (SRW) Project
 

Approach: Analytical, computational, and experimental research that is 
multi-platform, multi-discipline, rigorous, innovative, relevant, forward-
thinking, and pushes the State-of-the-Art 

-

Acoustic Research CFD Methods 

Engine Research 

Mechanical Components 

New instruments and 
techniques 

Rotor Systems 

Materials & 
Structures 
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Subsonic Rotary Wing Project Team
 

FY12 SRW Project Summary 

~133 work/years (108 CS / 25 Contractor) 
~ $28M per year (includes salary) 

Work across 3 NASA Centers 

Glenn Research Center 
~45 work/years 

• Drive Train 
• Turbomachinery 
• Icing 
• System Analysis 
• CBM 
• High Temp Materials 
• Mechanical Components 

Langley Research Center 
~48 work/years 

• Acoustics 
• Aeromechanics 
• Exp Capability 
• CFD 
• Crashworthiness 
• Materials 
• Durability 

Ames Research Center 
~40 work/years 

• Aeromechanics 
• CFD 
• Flt Dyn & Ctrl 
• Acoustics 
• Exp Capability 
• System Analysis 



 
 

SRW Major Facilities
 

FY12 SRW Project Summary 

~133 work/years (108 CS / 25 Contractor) 
~ $28M per year (includes salary) 

Work across 3 NASA Centers 

Glenn Research 

Center 

Ames Research Center 
• National Full-

Scale 
Aerodynamics 
Complex (NFAC)

• Supercomputing
Complex (NAS) 

• Vertical Motion 
Simulator 

• Engine 
Component 
Research Lab 

• Compressor Test 
Facility (CE-18) 

• Transmission 
Test Facilities 
(ERB) 

• Icing Research 
Tunnel 

• 14- by 22-Foot 
Subsonic LaTunnel 

• Transonic 
Dynamics 
Tunnel 

• Landing and 
Impact 
Research 

• Structural 
Mechanics Lab 


ngley Research Center 
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**partnership with Army, Air Force, Bell Helicopter 
***partnership with Army and ATP 

*partnership with Army 
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SRW Investment in NASA Facilities, 2009-2012
 
• National Full Scale Aerodynamics Complex,

NFAC 
– Large Field of View Particle Image 


Velocimetry
 
– Tiltrotor Test Rig** 

• 14- by 22-Foot Subsonic Tunnel 
– Unsteady Pressure Sensitive Paint capability*
– Large Field of View Particle Image 


Velocimetry***
 
• Transonic Dynamics Tunnel 

– Blade deformation measurement system* 
• Drive Train Facilities 

– New windage research rig* 
– New variable/multi-speed transmission test 


rig*
 
– New spur gear fatigue test rig* 

• Turbomachinery Test Facilities 
– CE-18 (small compressor test facility) 


upgraded capability*
 
• National Aeronautics and Space Administration                                 Flight acoustic measurement capability* 
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TiltRotor Test Rig (TTR)
 

PROBLEM 
NASA, DOD, and industry lack ability to 
test large-scale tiltrotor concepts 

OBJECTIVE 
Fabricate new tiltrotor test rig to test 
proprotors ≤ 26-ft diameter in the National 
Full-Scale Aerodynamics Complex (NFAC) 
in axial mode, transition, and edgewise 
flight 

ACCOMPLISHMENTS 
SRW assembled multiple funding sources 
(SRW base, Recovery Act, Army, Air 
Force) and using multiple contracts to 
support TTR development. Bell Helicopter 
under contract to deliver TTR in CY2012. 

SIGNIFICANCE 
TTR is a national facility that will enable 
advanced, large-scale tiltrotor technology 
testing for speeds up to 300 knots. Will 
provide unique testbed for NASA, DOD, 
and industry research. 

-



 

 

SRW Research Approach
 

Three main paths to 

accomplish research:
 

• NASA in-house research 

• Research with partners 
(Other Government 
Agencies, Industry, 

Sikorsky DLRUniversities) Liberty Works 
Bell UTRC JAXA Boeing VLC 

• Sponsored research ONERA Bombardier Williams 
proposals through NASA
 
Research 

Announcement (NRA)
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Formal Partnerships
 
• Army, slowed rotor 

research 
• Army, Joint Multi-Role 
• Army, acoustic flight 

research 
• Army, Active Twist Rotor 
• Army, PSP, PIV and PMI 
• Army, UTRC, advanced 

compressor research 
• Army, Navy, Vertical Lift 

Research COEs 
• Bell, manuever acoustics 
• Bombardier/Learjet, interior 

noise 
• DLR, Active Stick 

Controller 
• DLR, Rotor wake 

measurement techniques 

• FAA, drive system health 
monitoring 

•	 NLR, psychoacoustics 
•	 ONERA, Active Flow Control 

on fuselage 
•	 ONERA, cabin noise 
•	 Sikorsky, crashworthiness 
•	 STAR International Team, 

Active Twist Rotor 
•	 University of North Dakota, 

high incidence tolerant 
blading 

•	 University of Padua, Italy, 
trajectory optimization for low 
noise 

•	 Vertical Lift Consortium, 
fatigue life methods 
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   Advancing side Retreating 
side 17 

Highlights of Recent Research Activities
 
•	 UH-60A Airloads Wind Tunnel test team completes 

initial data release to government-sponsored working 
group 

•	 Variable Speed Transmission Test Facility 
operational 

•	 High incidence-tolerant blading tests on-going in 
modified linear cascade test facility 

•	 Advanced compressor delivered and installation 
continues in CE-18 

•	 FUN3D team demonstrates implementation of 
unsteady adjoint for overset meshes and improved 
accuracy of calculations 

•	 OVERFLOW team demonstrates adaptive mesh 
refinement and accuracy improvements within 
experimental error 

•	 Unsteady Pressure Sensitive Paint technique 
demonstrated on rotor blades in forward flight test 
conditions 

•	 Active Flow Control on fuselage demonstrates up to 
16% simultaneous drag and download reduction 

•	 Acoustic maneuver flight test with Army and Bell 
completed 



Upcoming Sessions
 

Session Topics
 

• Propulsion 
– Engine Tuesday PM 
– Drive System 
– Advanced Materials 

• Conceptual Design Overview 

• Aeromechanics Overview 
• Experimental Capabilities Overview 
• CFD Overview 

Wednesday AM • OVERFLOW (structured) 
• FUND3D (unstructured) 

• UH-60A Airloads Wind Tunnel Data Presentations 
• Fuselage Drag Reduction 

• Structures 
• Flight Dynamics Overview Wednesday PM 
• Acoustics 
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Upcoming Research Activities
 
• Initiate evaluation of new Variable Speed 

Transmission designs 
• Complete advanced compressor 

research with UTRC under NRA in CE-18 
• Initiate acceptance testing of Tiltrotor Test 

Rig 
• Conduct joint wind tunnel test using 

Kiowa configuration with Army to 
demonstrate measurement technology 

• Conduct Active Twist Rotor wind tunnel 
investigation with Army in TDT 

• Conduct Active Twist Rotor wind tunnel 
investigation with STAR team in DNW 

• Follow-on wind tunnel test to further 
investigate fuselage Active Flow Control 
and unsteady Pressure Sensitive Paint 

• Evaluate CFD improvements in 
aeromechanics, wake prediction, acoustic 
predictions, turbomachinery, and crash 
predictions 

ROBIN-mod7 in 
14- by 22-FST 

Joint with Army AFDD 

Slot locations 
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Concluding Rema
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many future configuratio
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facilities are key to SRW
success 
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SRW Project Organization
 

Project Manager: Susan Gorton 
Deputy Project Manager: Isaac López 

Project Scientist: Colin Theodore 

Deputy Project 
Manager For 

ARC: Bob Kufeld 

Deputy Project 
Manager For 

GRC: Susan Johnson 

Deputy Project 
Manager For 

LaRC: Benny Lunsford 

Aeromechanics Aeromechanics 

Engines & High 
Temp Materials 

Aeromechanics 

FD&C 

MDATD 

Experimental Capabilities: L. Jenkins 

Aeromechanics: T. Norman 

Engines: J. Welch; G. Roberts 

Drive Trains: R. Handschuh 
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Flight Dynamics and Control: C. 
Theodore 

Multi-disciplinary Concepts: G. Yamauchi 

Business Support Team 
(Lead Analyst: D. Findley) 

Scheduler: J. Moran  

Business Support Team 
(Center Analyst: P. Stacy) 

Structures: K. Jackson; K. O’Brien 

Acoustics: D. Boyd; R. Cabell 

ExCap ExCap 

Drive Train & CBM 

MDATD 
Crashworthiness; 

D&DT 

Ext Acoustics; 
Cabin Noise 

A
R
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G
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L
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R
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Technical 
Challenges 

02/08/2012 

Business Support Team 
(Center Analyst: Tony Ou) 
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FY11 Publications
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FY11 Publications
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FY11 Publications
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FY11 Publications
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NRA Awards – Round 1
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NRA Awards – Round 2
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NRA Awards – Round 3
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NRA Awards – Round 4
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SBIR Support for SRW
 
Title/ Performer Year/Phase 

Composite Material for Rotorcraft Drive Systems, A&P Technology, SBIR 
Contract NNC10CA19C, 

Phase 3 

Fully Integral Flexible Composite Driveshaft, Lawrie Technology, Inc., Phase 
2 SBIR Contract NNX09CA35C, Phase 2E award delayed due to 
Continuing Resolution 

Phase 2E 

Hybrid Element Method for Composite Structures Subjected to Boundary 
Layer Loading, Comet Technology Corporation, 10-1-A2.03-8233 LaRC 2010 Phase 1 

RotCFD: A Viscous Design Tool for Advanced Configurations, Sukra Helitek, 
Inc., 10-1-A2.09-8157 ARC 2010 Phase 1 

Innovative Tools for Structural Diagnostics of Rotorcraft Fatigue Critical 
Composite Parts, Numerical Technology Company, LLC, 10-1-A2.09-9076 
LaRC 

2010 Phase 1 

A Computational Tool for Helicopter Rotor Noise Prediction, D&P, LLC, 10-1­
A2.09-9309 LaRC 2010 Phase 1 

Real-Time, Maneuvering Flight Noise Prediction for Rotorcraft Flight 
Simulations, Continuum Dynamics, Inc., 10-1-A2.09-9439 LaRC 2010 Phase 1 

Inexpensive Reliable Oil-Debris Optical Sensor for Rotorcraft Health 
Monitoring, Translume, Inc., 10-1-A2.09-9697 GRC 2010 Phase 1 

Implicit Higher Order Temporal Differencing for Aeroacoustic and CFD 
Applications, CFD Research Corporation, 10-1-A2.03-9097 LaRC 2010 Phase 1 

Interior Acoustic Analysis for Early Use in Design, Michigan Engineering 
Services, LLC, 10-1-A2.03-8991 LaRC 2010 Phase 1 
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SBIR Support for SRW
 

Title/ Performer Year/Phase 

Design Concepts for Cooled Ceramic Matrix Composite Turbine Vanes, N&R 
Engineering, A2.10-9062 GRC 2009 Phase 2 

Towards More Efficient Comprehensive Rotor Noise Simulation, CASCADE 
Technologies Inc., A2.09-9045, 2009 Phase 1 

Enhanced Prediction of Gear Tooth Surface Fatigue Life, Sentient, A2.09-9343 2009 Phase 1 

Rotorcraft Diagnostics, Qualtech Systems, Inc., A2.09-8083 2009 Phase 1 
Flight Adaptive Blade For Optimum Rotor Response (FABFORR), Continuum 
Dynamics, Inc., A2.09-8823, 2009 Phase 1 

Alumina Fiber-Reinforced 9310 Steel Metal Matrix Composite for Rotorcraft Drive 
System Components, Ultramet, A2.09-8630, 2009 Phase 1 

Rotorcraft Diagnostics, Ridgetop Group, Inc., A2.09-9940 2009 Phase 1 
Fast Responding PSP for Rotorcraft Aerodynamic Investigations, Innovative 
Scientific Solutions, Inc. (ISSI), A2.09-9022, 2008 Phase 2 

Hybrid Finite Element Analysis for Rotorcraft Interior Noise Simulations, Michigan 
Engineering Services, LLCA2.09-9167 2008 Phase 2 

Fast Responding PSP for Rotorcraft Aerodynamic Investigations, Innovative 
Scientific Solutions, Inc., A2.09-9022, 2008 Phase 1 
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SBIR Support for SRW
 

Title/ Performer Year/Phase 
ROBUST (Rotorcraft Blade Universal Shape Transformation) System for 
Controlled Aerodynamic Warping, Materials Technologies Corporation, A2.09­
8904 

2008 Phase 1 

Hybrid Finite Element Developments for Rotorcraft Interior Noise Computations 
within a Multidisciplinary Design Environment, Michigan Engineering Services, 
LLC, A2.09-9167 

2008 Phase 1 

Metal Rubber™ Sensor Appliqués for Rotor Blade Air, Nanosonic, Inc., A2.09­
8605 2008 Phase 1 

A Surface-Mounted Rotor State Sensing System, Continuum Dynamics, Inc., 
A2.09-8759 2008 Phase 1 

Physics Based Tool for Rotorcraft Computational Aeroacoustics, Continuum 
Dynamics, Inc., A2.09-9451 2008 Phase 1 

Multifunctional Erosion Resistant Icephobic Appliques for Rotorblades, 
NanoSonic, Inc., A2.10-9479 LaRC 2007 Phase 2 

Fully Integral, Flexible Composite Driveshaft, Lawrie Technology, Inc., A2.10-8919 
GRC 2007 Phase 2 

Computational Wind Tunnel: A Design Tool for Rotorcraft, Sukra Helitek, Inc., ­
A2.10-8873 ARC 2007 Phase 2 

Elastomeric Dampers derived from First-Principles-Based Analytical Simulation, 
Materials Technologies Corporation, A2.10-8476 ARC 2007 Phase 2 
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