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INTRODUCTION

The NASA, DoD and DoE Propulsion and Power Systems Alliance’s primary goal is to fully coordinate and integrate agency and industry program plans to achieve individual organizational goals and objectives, while maximizing investment synergy in areas of common interest.  The Alliance has identified close to 30 inter-agency collaborative activities that cover the following technology areas:  Joint Testing, Compressors, Combustors, Turbines, Materials, Structures, Mechanical Components, Design Tools and Engine Simulation, and Instrumentation and Controls.  To ensure continued Alliance direction and growth a means of assessing the Alliance’s success towards meeting the above goals is required.  The Alliance Leadership Team will assess the Alliance collaborations on an annual basis using a combination of the following metrics:

1. Increased breadth of viable technology options/alternatives

2. Individual Technology’s Readiness Level (TRL) increases 

3. Number of joint agency technology development projects and demonstrations

4. Increased pace of Inter-Agency technical accomplishments

5. Increased Government-Industry consortiums/working groups

These metrics will be used qualitatively to evaluate the overall success of the Alliance.

ALLIANCE LEADERSHIP TEAM

The Alliance held two workshops in FY2001 opened to both government and industry. Workshop #5 was held on December 7-8, 2000 in Arlington, VA. Over 70 participants attended the workshop that focused on the implementation of the defined collaborations to date as well as understanding the associated communications protocols needed for an effective and growing alliance. Also discussed were the respective agency’s contract solicitation processes to better understand tools that could be used for effective collaborations. Industry was asked during Workshop #4 on July 11, 2000 to answer a series of questions towards assessing the Alliance’s function and direction. Four major propulsion companies responded. The Alliance Leadership Team forwarded written feedbacks to industry based on their responses.  These industry responses were summarized at Workshop #5. In general, industry is very supportive of the Alliance and sees benefits not only to the agencies but to industry as well. Industry felt that the fundamental “multiple use” nature of gas turbines makes this Alliance a natural undertaking. However, it was felt that industry should be an interactive party to each technology team when GOTCHA charts and roadmaps are developed. This resulted in Industry providing the Alliance with industry points of contacts for each of the nine technology areas. Industry also felt that appropriate metrics and baseline must be established against the GOTHCA goals to assess the effectiveness of the collaborations. This resulted in the Alliance Leadership Team formulating a Terms of Reference on Alliance Success Metrics which are the basis for this Annual Report.
Workshop #6 was held on August 30, 2001 in Alexandria, VA. Over 60 participants attended the workshop that focused on new collaboration proposals as presented by industry and the Federal Aviation Administration (FAA). Several new collaborations were identified. The Alliance Leadership Team will develop a process to downselect a few collaborations for it to foster. The Leadership Team also decided to invite the FAA as a key partner in the Alliance. The FAA is in the process of determining who will be on the Leadership Team as well if they desire to be a signatory to the Propulsion and Power Memorandum of Understanding (MOU). The MOU has already gone through DoD, NASA and DoE sponsor and legal reviews on April 2001. It has been but on hold by the NASA HQ until future higher level NASA-Air Force deliberations take place and are completed.
TECHNOLOGY AREA TEAMS

The following technical activities and accomplishments were provide by the respective technical teams. After each activity/accomplishment is a number indicating which metric it meets. Please note that these metrics were intended to be qualitative and subjective in illustrating the general health of the Alliance.

Compressor Technology Area Team

Technical Activities/Accomplishments for FY2001:

The collaboration for compressor research and development consists of three areas: (1) multi-stage compressor technology development, (2) compressor analyses/design codes, and (3) compressor flow control with the following activities achieved.  

1. Mr. S. Puterbaugh of the AFRL participated in the UEET Independent Annual Review, during which the multistage compressor activities were briefed. (1,5)

2. NASA (Dr. E. McFarland) has provided copies of the MSU Turbo Code to AFRL and NAVAIR, as well as consulting with Mr. S. Georell of AFRL on the Code. (2)

3. NASA (Dr. J. Adamczyk) updated APNASA with modeling for surface aspiration and provided the code to Mr. W. Copenhaver of the AFRL.  (2)

4. NASA (Dr. J. Adamchyzk) and AFRL (Mr. S. Puterbaugh, Mr. W. Copenhaver) are working on working on flow modeling for the AFRL TESCOM and exchanging data obtained from the AFRL Blade Row Interaction test.  (3)

5. NASA (Mr. R. Chriss) met with AFRL personnel to discuss efforts both organizations are planning for flow control in compressor stators. (1,5)

Remarks/Issues:  

· NASA is prime for CFD and Active Flow Control for IHPTET and VAATE.

· UEET will not impact IHPTET, only VAATE.  The UEET 4-stage compressor test will be an aerodynamic rig only, and will reach a TRL 4.  An aeromechanical rig, followed by a core is needed to reach an acceptable TRL for VAATE demonstration. 
Combustor Technology Area Team

Technical Activities/Accomplishments for FY2001:

1. NASA has provided a combustion dynamics analytical model to DOE as assessment

    of existing data. (2)

2. NASA made emissions and particulate measurements in October during AFRL 
    in-house testing with fuel additives. (2)
3. NASA has signed the Space Act Agreement to transfer and has transferred the

    National Combustion Code (NCC) to DOE/Stanford ASCI Program. (2)

4. NASA provided an un-validated, executable copy of NCC to DOD IHPTET, per 
    their request, for their initial assessment using existing IHPTET data and to

    Caterpillar Solar Turbines for DOE type ground power. (2)
5. NASA NCC and DOE/ASCI/Stanford LES Codes being set-up with Stanford 

    benchmark case of the swirl-stabilized, gaseous H/C combustor. (2)

6. NASA/AFRL designed, fabricated, and started testing at WPAFB a lobed/TVC 
    fueled with JP8. Demonstrated good stability and combustion efficiency up to 

    Mach 1. (3)

7. DOE completed in FY01 sub-scale and full-scale TVC combustor testing with

    gaseous fuel and emissions results for RQL concept look encouraging. (1)
Turbine Technology Area Team

Technical Activities/Accomplishments for FY2001:

1. AFRL/GRC initiated a joint activity in Glenn-HT code validation for low pressure turbine (LPT) aero and flow control using AFRL cascade geometry and data. Glenn-HT code was delivered to AFRL and AF civil servant new-hire spent time at GRC for training with the NASA code. AFRL is currently performing Glenn-HT analysis of a “dimpled” LPT cascade geometry. Steady-state solutions of P&W PakB LP turbine vane geometry were completed, including a flow separation control concept using small blowing jets applied to the surface acting as vortex generators. Applicability of steady-state Glenn-HT solutions with & without jet blowing for simulation of AFRL’s pulsed jet vortex generators is being investigated by comparison with AFRL’s time-averaged data. AFRL has published the data (IGTI ‘01) and NASA has submitted an abstract for IGTI ’02. (2,3)

2. A preliminary design for a new Dual Spool Turbine Facility (DSTF) at NASA-GRC was completed and a Preliminary Engineering Report (PER) is available. Flow capacity, size, and power requirements from industry and DoD were factored into the preliminary design of DSTF. A one-year contract for detailed DSTF design is to be awarded in August 01. (5)

3. AFRL/GRC attended and jointly reviewed status and progress of UEET Single-Stage HPT and Heat Transfer Validation Experiments at GEAE (Nov 00). (5)

4. NASA individual participated in PRDA VII proposal evaluations in turbine aero & cooling (March 01). (5)

Remarks/Issues

· No CFD simulation or joint activity occurred related to F119 testing in TRF. This activity, which would use uncooled hardware, was mutually dropped from the plans in favor of real engine hardware to be tested in CEASAR. The CEASAR tests have slipped from FY01 into FY02.

· UEET cooling technology development was curtailed in FY01 due to NASA budget reductions. Any planned joint activities with UEET-developed cooling technology and hardware were eliminated.

Material Technology Area Team

Technical Activities/Accomplishments for FY2001:

SiC/SiC CMC Components: Joint development of a 2400oF CMC material by NASA and DoD is proceeding as per the plan presented at Workshop # 4 and 5.  A quarterly CMC progress review was held at NASA Glenn on April 26.  The meeting was well attended by representatives from NASA, DoD, DOE, engine companies, and CMC vendors.  Joint teleconferences are being held every month to review progress and make appropriate decisions.  The Air Force effort on development of 2400oF CMC material will end in September 2001.  NASA will continue development of  2400oF CMC and 2700oF environmental barrier coating (EBC) in the UEET program and provide material property and durability data for use in design of components for IHPTET demonstrators. (5)

NASA participated in the review of PRDA VII proposals for the IHPTET program.  (5)

New Collaborative Activities Between NASA and DoD

Thermal Barrier Coating (TBC) Test Methodology Development:  Testing of TBC’s under conditions representative of engine operation remains a challenge.  DoD has initiated a program involving multiple engine companies to develop advanced test methodologies  for TBCs.  NASA will participate in this program by testing TBCs under high heat flux conditions in laser thermal gradient rig.  Tests conducted at NASA as part of this effort will also be used as a baseline for evaluating advanced TBCs in the UEET program.  The University of Connecticut has a current DOE Advanced Gas Turbine Systems Research (AGTSR) program to develop a laser piezospectroscopic technique as a non-destructive inspection method (NDI) for thermal barrier coatings (TBCs) which could be utilized in the cooperative activity.  This proposed program is designed to (1) integrate the NDI instrument and database from the DOE program with the needs of the industrial engine user community and (2) to develop for the first time an accurate lifetime prediction model for TBCs.  Development of new test methodologies will reduce the extent of engine testing required prior to introduction of advanced TBCs in engines. (3)

Tiled Airfoil Blade and Vane:  NASA and NAVAIR have initiated discussions for conducting joint research on tiled airfoil blades and vanes that will use CMC tiles. (5)

Computational Material Science:  Air Force Research Lab. Participated in the evaluation of  computational material science grant proposals from universities for NASA’s UEET program. (5)

Structures Technology Area Team

Technical Activities/Accomplishments for FY2001:

1. An $8 million dollar GUIde III Turbomachinery Forced Response Consortium was created and started with the Air Force, Navy,  NASA, and six engine companies.  Siemans Westinghouse, Mitsubishi, and GE from the power generation equipment manufacturers are part of the consortium. (5)

2. A collaborative working group was formed on Turbomachinery Component (disks, blades, hub, etc.) lifing work with the Air Force/Navy/NASA/United Airlines and the Australian Air Force. (5)

3. FAA/Air Force/NASA/Navy Workshop was held in June 2001 in Cleveland, Ohio.  Over two hundred engineers attended the three day workshop/conference. (5)

4. The Predict Expert Knowledge Method from DoE’s Los Alamos Laboratory (Dr. Jane Booker) is being applied to help develop the engine companies probabilistic engine design systems.  This work is part of the HCF/DOD/NASA Probabilistic Technical Committee. (3,5)

Mechanical Components Technology Area Team

Technical Activities/Accomplishments for FY2001:

Turbine Engine Seals

1. Testing of an advanced seal design for IHPTET JTAGG III has been delayed due to delays in the new NASA test rig becoming operational.  The NASA Turbine Seal Rig is now planned to be operational in 1QFY02, and the advanced seal testing completed in 3QFY02.  The seal test results are needed for the DoD contractor. (-)

2. Annual NASA GRC Seals/Secondary Air Flow Workshop is scheduled for 24 & 25 October 2001. (5)

Turbine Engine Rotor Supports (Magnetic Bearings)

1. NASA/Army has successfully tested a 3" magnetic bearing to 1000 F at 15,000 rpm. (3)

2. NASA/Army has successfully conducted magnetic bearing fault tolerance tests to 750 F at 12,500 rpm. (3)

3. NASA/Army has demonstrated development of a combined motor/generator/magnetic bearing to 6,000 rpm at room temperature and 700 rpm at 1000 F. (3)

4. DOD (Air Force) contractor successfully completed a 50 hour auxiliary bearing test at 500 F using planned ATEGG XTCC77/1 demonstrator speed & load profile. (3)

5. DOD (Air Force) contractor completed preliminary design of test rig for full-scale magnetic bearing/auxiliary bearing/ISG system tests for ATEGG XTC77/1 (testing planned for 2004). (-)

6. DOD (Navy) contractor is conducting rig shakedown tests in preparation for magnetic bearing system integration development tests in support of the ATEGGXTC77/1 demonstrator. (-)

7. DOD (Army) contractor is completing magnetic bearing/ISG system development in preparation for JTAGG III core tests planned for 4QFY02. (-)
Instrumentation and Controls Technology Area Team

Technical Activities/Accomplishments for FY2001:

The first official meeting of the Combustion Control Working Group (CCWG) was recently held at the Department of Energy facility in Morgantown, WV. The purpose of the CCWG is to discuss technical issues in common between the agencies.  NASA, DOE, and AFRL were represented at the first meeting; however, AFOSR, ONR, ARO, and DARPA have expressed an interest in attending future meetings.  (5)
Design Tools and Simulation Technology Area Team

Technical Activities/Accomplishments for FY2001:

1. GE Ground Power systems are currently developing additional NPSS modules and will probably have a version of NPSS capable of representing typical ground power applications before the end of the fiscal year.  This is a new application. (1,2,4)

2. The Technical Area Team has down-selected the PW XTE-67 SE1 as a first application of NPSSv1 in support of an engine test. The engine will be tested in the summer of 2002.  Pratt & Whitney, UEET, and AEDC (where the test will occur) have been included in planning that will lead to this successful demonstration. This is a new application. (5)

Joint Test Technology Area Team

Status reflected in other technology teams.
SUMMARY

The Alliance in FY2001 has made several accomplishments both technically and administratively. We held two productive workshops that have drawn industry closer to the Alliance and has brought in the FAA as a new Alliance partner. We have moved closer towards establishing an overarching MOU on Propulsion and Power Systems and anticipate the FAA will be the fourth signatory on the agreement. The technical teams are moving forward to meet the Alliance metrics, however, several issues remain. These issues include:

1. The Alliance does not control any independent fund sources. This results in funding uncertainties or internal re-planning within individual programs simply result in updating collaborative roadmaps too often. 
2. DoE NGGT programs are just now being defined effecting the degree of collaboration
.

3. Some collaborations are strongly geared to communication exchanges only. 

4. In some cases there has been little integration of collaborative activities into Agency plans. 

5. Some Agency POCs are more responsive to communications/collaborations then others.

The Alliance Leadership Team will be resolving these issues into FY02. Several metrics have been attained as summarized below:

Increased breadth of viable technology options/alternatives:



4

Individual Technology’s Readiness Level (TRL) increase :



7

Number of joint agency technology development projects and demonstrations:
10

Increased pace of Inter-Agency technical accomplishments:



1

Increased Government-Industry consortiums/working groups:


16

Without a doubt this assessment is very subjective but it does illustrate a significant emphasis on working groups (team meetings, workshops, consortiums etc.). This is typical in the early stages of any alliance or partnerships. Based on this initial assessment and known issues, the alliance is rated at being in relatively good health and is showing itself to be of great value to all agency partners and industry. The potential is great for continued improvement and increased accomplishments for FY2002.

Alliance Leadership Team

