TAN A. WAITZ

Jerome C. Hunsaker Professor and Department Head
Department of Aeronautics and Astronautics
Massachusetts Institute of Technology

Building 33, Room 207
77 Massachusetts Avenue, Cambridge, Massachusetts 02139
(617) 2530218, iaw@mit.edu
http://web.mit.edu/aeroastro/www/people/waitz/
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U. S. Citizen
Education:
Ph.D. 1991 Aeronautics, Californianistitute of Technology
M. S. 1988 Aeronautics, George Washington University
B. S. 1986 Aerospace Engineering, The Pennsylvania State University

History of MIT Appointments:

Charles Stark Draper Assistant Professor July 1991 October 1991
Rockwell Intenational Assistant Professor November 1991 November 1994
Assistant Professor December 1994 June 1997
Associate Professor w/o tenure July 1997 June 1998
Associate Professor with tenure July 1998 June 2001
Full Professor July 2001 present
Assodate Head, Aero and Astro August 2002 December 2003
Deputy Head, Aero and Astro January 2003 June 2005
Department Head, Aero and Astro February 2008 present
Overview:

lan A. Waitz is the Jerome C. Hunsaker Professor and Head BEtiwtment of Aeronautics

and Astronauticat MIT. He is also the Director of the Partnership for AiR Transportation

Noise and Emissions ReductipPARTNER) an FAA/NASA/Transport Cadasponsored

Center of Excellence. His principal areas of interest are the modeling and evaluation of climate,
local air quality and noise impacts of aviation, including the assessment of technological,
operational and policy options for mitigating thé@s@acts He has written approximately) 7
technical publications includingraport to the U.S. Congress on aviation and the environment
holds three patents andsheonsulted for many organizations. During 2@0P5 he served as
Deputy Head of the Department of Aeronautics and Astronautics. He has also served as an
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associate editor of the AlIABournal of Propulsion and Poweln 2003 Professor Waitz

received a NASATurning Goals Into Reality Award for Noise Reduction. He was awarded the
FAA 2007 Excellence in Aviation Research Award. He is a Fellow of the AIAA, and an
ASME and ASEE member. He teaches graduate and undergraduate courses in the fields of
thermodynamicgand energy conversion, propulsion, and experimental projects. He was
honored with the002 MIT Class of 1960 Innovation in Education Awardl appointment as
anMIT MacVicar Faculty Fellowin 2003.

Teaching Experience:

Environmental Aerospace Engineering.Developed to address the growing impact of
environmental concerns on aerospace systems. Concentration on aircraft emissions and nois
is set within a broad contextual backdrop, including discussions of ethics, regulatory measures,
environmental assessment, global change, economics, urban planning, and policy.

Aircraft Propulsion and Gas Turbines Graduate level course devoted to perfance and
characteristics of aircraft engines and industrial gas turbines as determined by the
thermodynamic and fluid mechanic behavior of components: inlets, compressors, combustors,
turbines and nozzles.

Internal Flows in Turbomachines Advanced gradate level course covering concepts of
rotational flows, inherent unsteadiness of turbomachines, boundary layers, and wakes and
losses in turbomachines.

Thermal EngineeringJunior level undergraduate course in thermodynamics and heat transfer.

Experimenal Projects | and Il. Selection and detailed planning of an individual research
project during the first semester, is followed by construction and experimentation during the
second semester. Formal written and oral presentations are made by eactudétiis.s

Unified Engineering Sophomore level undergraduate course presents the fundamentals of
solid mechanics, fluid mechanics, dynamics, thermodynamics and propulsion, and forms the
foundation for all other courses taught by the department. Theecsuitse equivalent of four
semestefong courses, and is cooperatively taught over the period of a year by several faculty.

Research Interests:

Aviation Environmental Portfolio Management To@orking with an international team of
researchers under PAsponsorship to develop an aviation system environmeostaiomic

model to better inform national and international pelegking. The model will enable better
assessment of the interdependencies between aviataied noise and emissions effects, and
will provide comprehensive cost analyses of aviation environmental impacts under different
technology, operations, policy, market and environmental scenarios. Participants include
Georgia Institute of Technology Aerospace Systems Design Laboratory, H&ulaod! of

Public Health, BB&C,ICF, MVA, Vital Link Policy Analysis, MITRE, Volpe National
Transportation Systems Center, and Wyle LaboratqAesive)

Environmental Design SpacéNorking with researchers from the Georgia Institute of
Technology Aerospze Systems Design Laboratory under FAA sponsorship to develop aircraft
systemlevel tools for assessing tradeoffs and interdependemaiesmng technological and
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operational strategies for minimizing noise, local air quality and climate change impacts of
aircraft. (Active)

Alternative Fuels for AviatianSponsored by FAA and DOD to expldtes potential to reduce
aviation environmental impacts via alternative fuels while taking into account the full lifecycle
of these fuels(Active)

Impacts of Aircraft Ensisions on Air Quality and Public HealthVorking with researchers at
Cambridge University, University of North Carolina, Boise State University, Harvard School
of Public Health, Stanford University, and the University of Housinder FAA and other
sponsoship to perform air quality simulations and health impacts assessments of aviation
emissions.The work includes a study with FAA and EPA of U.S. air quality impacts in
response to the Energy Policy Act of 2005, assessments of the impacts of low sulfur and
alternative fuels, analyses of the global effects of cruise level emissions, and development of
reduced order models for use in policy analy6&stive)

Chemical and Microphysical Processes in the Turbine, Exhaust Nozzle, and Fluraiet in
assessinghe atmospheric effects of current and future aircraft, working with Aerodyne
Research Incorporated under FAA, NASA and DOD sponsorship to conduct numerical
investigations of the chemistry and microphysics of primary pollutant species;ligbort
radicals,and particulate matter, downstream of the combustor, in the turbine, exhaust nozzle,
and plume. (Active)

The Value of Environmental Technology in Commercial Aviatidewveloping probabilistic
valuations for comparing aviation climate, noise, and airityushpacts based on uncertain
health and welfare impacts and technological and operational performance. (Active)

System for Assessing Global Aviation Emissiov®rked with researchers from the MIT

International Center for Air Transportation and the \éolgational Transportation Systems
Center through funding from the FAA to develop an internatioredtyepted model for

assessing emissions from aircraft (SAQH)active)

Operational Strategies for Contrail Mitigatiordsedan aviation system model tosass the
costs and benefits of aircraft trajectory and routing changes as a means to reduce contrail an
aviationinduced cirrus cloudnines@nactive)

The Economic Value of Silencé&/orkedwith researchers from Cambridge University on the
Silent Aircrat Initiative to assess the impact of low noise technology and operational
procedures on airline financial performance and regional economic perforriaactve)

Robust Aerothermodynamic Design of Gas Turbine EngWesked with a group of
researchers ithin the Gas Turbine Laboratory to develop methods for designing gas turbine
cycles and components to minimize performance variability in response to operating and
manufacturing variability(Inactive)

Micro-Engines Conductedexperimental and numerica¢search in micrscale combustion
systems to support the development of a irimet area micragas turbine generator using
silicon microfabrication technologyinactive)

High FuelAir Ratio Combustor and Turbine Resear€londucted numerical and expagntal
work to understand unique reacting flow physics and heat transfer effects within very high
temperature gas turbine cycles. (Inactive)
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Reduction of turbomachinery fan naigéumerical simulations and experiments to investigate
the impact of varioublade wake management strategies on fsi@tor interaction tone noise.
(Inactive)

Ejectors for jet noise reductionAdvanced mixer/ejector devices were studied both
computationdy and experimentally to provide insight into basic fluid mechanics and acoustics
in an effort to develop design procedures for these devices. (Inactive)

Consulting:

9/91- 11/92 California Institute of Technology, Pasadena, California
Supersonicombustion, testing and analysis

3/93- 1/95 PRC Inc., Mt. Laurel, New Jersey
Internal flow design and analysis

7/94- 3/95 Thermo Energy Systems Corporation, Waltham, Massachusetts
Analysis of novel fluiddynamic power generation scheme

11/% - 3/95 Cummins Engine Company, Inc., Columbus, Indiana
Analysis of gagurbine technology trends for power generation markets

3/95- 1/96 Visidyne, Inc., Burlington, Massachusetts
Analysis of flow diagnostic techniques

1/96H10/98 General Electc, Aircraft Engines Group, Lynn, Massachusetts
Gas turbine test facility evaluation

12/95- 6/97 Allison Advanced Development Company, Indianapolis, Indiana
Conducted wingunnel experiments

8/96-8/96 Volvo Aero, TrollhSttan, Sweden
Professioal development course

2/96-3/96 Rasor Associates, Inc., Sunnyvale, California
Evaluation of combustion process

12/96- 2/97 CFD Research Corporation, Huntsville, Alabama
Micro-combustion processes

8/27-9/127 Russell & DuMoulin, Vancouver B.C., @ada
Aircraft noise

3/95- 5/98 TelectreMek, Inc., Fort Wayne, Indiana
Development of thrust measuring systems for aircraft

2/96bpresent United Technologies Corporation, East Hartford, Connecticut
Gas turbine combustion, noise and profesdidaaelopment courses

9/97- 10/97 Deka Research and Development Corp., Manchester, New Hampshire
Combustor design

10/97D2/00 Skadden, Arps, Slate, Meagher & Flom LLP, Los Angeles, CA
Gas turbine combustion processes

3/98D9/98 WorkSmart Energ¥nterprises, Inc., Chevy Chase, MD

-4 - September 9, 2008



8/98-5/04
4/99-9/02
10/996/02

4/00-12/00

6/01-9/01
11/0112/03
5/02-12/02

8/0212/02
8/02present

9/02-1/04

9/07-present

TAN A. WAITZ

Evaluated the technical feasibility of utilizing companyOs invention to
improve heat engine efficiency

U.S. Environmental Protection Agency
Aircraft technology for low emissions

Naval FacilitiesEngineering Service Center
Pollution prevention technology development

Institute for Defense Analyses
Defense Science Study Group

Universal Technology Corporation
Joint Strike Fighter Independent Technical Review Team (Air iQué&l
Noise)

Tamarac, LLC

Gas turbine durability

Meggitt Avionics, Inc.

Engine diagnostics

U.S. General Accounting Office
Aircraft emissions

Raytheon Missile Systems

Rolls-Royce, plc
Chair,Environmental Advisory Board

Alstom Power, Inc
Gas turbine design and performance

Wyle Laboratories
Consultant for ACRP 06P6, Greenhouse Gas Emissions Inventories for
Airports

Professional Activities:

Associate EditorAIAA Jairnal of Propulsion and Powgf99699

AIAA Fellow (2005), Chair of Turbine Engine Committee 1988 AIAA Air-Breathing
Propulsion Technical Committee 199999

Member ASME Turbomachinery Committee

Member American Society of Engineering Education

Lead Author, United Nations Environment Programme, Intergovernmental Panel on Climate
Change, Special Report on Aviation and the Global Atmosphere, 1999

Defense Sciences Study Group, Class of 220
Joint Strike Fighter Independent Technical Review TeamAir Quality and Noise, 2000
NRC Committee on Aeronautics Research and Technology for Environmental Compatibility

200062001
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NASA Aircraft Engine Emissions Characterization and Inventory Committee; 2003
NASA Quiet Aircraft Technology Technical &king Group, 2002003

Duke University Mechanical Engineering Undergraduate Advisory Board;@2@3Ent
Defense Science Board Task Force 6&ZBReEngining, 2002

Member of U.S. Delegation to ICAO Committee on Aviation and Environment/6
(as an advisQr 2004

FAA National Particulee Roadmap, Impacts Team led@04present

Director of Partnership for AiR Transportation Noise and Emissions Reduction (PARTNER),
an FAA/NASA/Transport Canadgsponsored Center of Excellence, 2qésent

Director, Congresional Study on Londerm Environmental Improvements for Aviation,
20042005

NRC Committee to Assess the Integrated Plan for a Next Generation Air Transportation
System (JPDO), 2002005

National Academy of Engineering, Steering Committee for Techndtogy Quieter America
Study, Chair CosBenefit Analysis Subcommittee, 20@gesent

Transportation Research Board/National Academy of Sciences Study on Transportation and
Greenhouse Gas Reduction, Committee member -gsént

Honors and Awards:

Raymad L. Bisplinghoff Faculty Fellow July 2000D June 2003
MIT Class of 1960 Innovation in Education Award 2002
MIT MacVicar Faculty Fellow 2003Dbpresent
NASA 2003 Turning Goals Into Reality Award
For Noise Reduction 2003
Elected Fellow, AIAA 2006
FAA 2007 Excellence in Aviation Research Award 2007
Publications:

Combustion and Emissions

OAssessment of the Impact of Reduced Vertical Separation Minimum (RVSM) on Aircraft
Related Fuel Burn and Emissions for the [sitic United Statesf Malwitz, S.
Balasubramanian, G. Fleming, T. Yoder and I. A. Waitz, to app&dAii J. of Aircraft

2008

OMicrophysical Modeling of Grourlcevel AircraftEmitted Aerosol Formation: Roles of
Sulfur-Containing Species ,O-W/. Wong, P. E. Yelvington, M. TTimko, T. B. Onasch and
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R. C. MiakeLye, J. Zhang and I. A. Waitz** to appearAtAA Journal of Propulsion and
Power, 2008.

OAssessing the Impact of Aviation on Climate,O K. Marais, S. P. Lukachko, M. Jun, A.
Mahashabde, and I. A. Waitlgleteorologsche ZeitschriftApril 2008

OSystem for assessing AviationOs Global Emissions (SAGE): Model Description and Inventory
Results,O B. Y. Kim, G. G. Fleming, J. J. Lee, I. A. Wai2, Glarke, S. Balasubramanian, A.
Malwitz, K. Klima, M. Locke, C. A. Holslaw, L. Q. Maurice and M. L. Gupt@ransportation
Research, Part DVol 12, pp. 325346, 2007.

OSystem for assessing AviationOs Global Emissions (SAGE): Uncertainty Assessment,O J.
Lee, I. A. Waitz, B. Y. Kim, G. G. Fleming, L. Q. Maurice and C Hblsclaw,Transportation
Research, Part DVol 12, pp. 381395, 2007

“A Comparison of Two Methods for Predicting Emissions from Aircraft Gas Turbine
Combustors,” D. L. Allaire, . A. Waitz, K. E. Willcox, GT2007-28346, Proceedings of the
ASME Turbo Expo 2007: Power for Land, Sea and Air, May 14-17, 2007

"The evolution of carbonaceous aerosol and aerosol precursor emissions through a gas turbin
engine,"” K. Brundish, A. Clague, C. Wilson, R. C. Midkes, R. Brown, J. Wormhoudt, S. P.
Lukachko, A. ChobgtC Yam, |. Waitz, D. Hagen, P. D. Whitefiel&lAA Journal of
Propulsion and Powelolume 23, Number 5, Septemb@ctober, 2007

Olmpact of Manufacturing Variability on Combustor Liner Durability,0 S.D. Bradshaw and I.
A. Waitz, GT200691098, Proceedgs of the ASME Turbo Expo, May 2006, to appear in
ASME J. of Engineering for Gas Turbines and Pow&arch 2009.

OAviation and the Environment: A National Vision Statement, Framework for Goals and
Recommended Actions,O I. A. Waitz, J. Townsend, J. Qu@trshenfeld, E. M. Greitzer and

J. L. KerrebrockReport to the United States Congress behalf of the U.S. DOT, FAA and
NASA, December 2004 (delivered to Congress December 2005).

"Water Injection: Could it Reduce Airplane Maintenance Costs and Aifoissions?” D. L.
Daggett, R. C. Hendricks, A. Mahashabde and I. A. Waitz, ISRB8E>1249,17th
International Symposium on Airbreathing Enginkgsinich, Germany, Septembei942005.

OEngine Design and Operational Impacts on Particulate Matter BreEmissions,O S. P.
Lukachko, I. A. Waitz, R. C. Miakeye and R. C. Brown, GT20069112, Proceedings of the
ASME Turbo Expo, June 2003purnal of Engineering for Gas Turbines and Powésl 130,
Issue 2, February 2008.

OPost Combustion Evolution of $dRroperties in an Aircraft Engine,O P. M. Dakhel, S. P.
Lukachko, I. A. Waitz, R. C. Miakeye and R. C. Brown, GT20069113, Proceedings of the
ASME Turbo Expo, June 2008JAA Journal of Propulsion and Powevplume 23, Number

5, SeptembeOctober, 2007

"NO and NO2 Emissions Ratios Measured from in Use Commercial Aircraft During Taxi and
TakeOff,” S. C. Herdon, J. H. Shorter, M.S. Zahniser, D.D. Nelson, Jr., J. Wormhoudt, J.
Jayne, R. C. Brown, R. C. Miakgye, I. A. Waitz, P. Silva, T. Lanni, K. Degnjian, and C. E.
Kolb, Environmental Science and Technologyl. 38, pp 6078084, American Chemical
Society, 2004.
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OAviation Emissions and Abatement Policies in the United States: R&itAnalysis,O S.
Jamin, A. Schafer, M. E. Beskiva, and I. A.Waitz,Journal of Transportation Research,
Part D, Volume 9, No. 4, pp. 29314, July, 2004.

OGas Turbine Engine Durability Impacts of High FAiel Ratio Combustors: Near Wall
Reaction Effects on FilaCooled Backwardracing Step Heat Transfer,O D. Mis, D. R.
Kirk, K. Fidkowski and I. A. WaitzGT200453259 Proceedings of ASME Turbo Expo, June
2004,Journal of Engineering for Gas Turbines and Powéslume 128, Issue 2, pp. 3825,
April, 2006.

OAircraft and Energy Use,0 J. J. Lee, S. P. Lukanik|. A. Waitz, invited chapter in
Encyclopedia of Energpy Academic Press/Elsevier Science, San Diego California, 2003

"Military Aviation and the Environment: Historical Trends and Comparison to Civil Aviation,"
I. A. Waitz, S. P. Lukachko, and J. Lee, AIAA20032620, invited contribution to
AIAA/ICAS International Air and Space Symposium and Exposition, Dayton, Ohio, July 14
17, 2003; AlIAAJournal of Aircraft,vol.42 no.2 (pp 32339) 2005.

OHistorical Fuel Efficiency Characteristics of ReglorAircraft from Technological,
Operational, and Cost Perspectives,O R. Babikian, S. P. Lukachko and I. A.Jd(aita) of
Air Transport Management/olume 8, No. 6, pp. 38900, Nov. 2002.

"Gas Turbine Engine Durability Impacts of High F4et Ratio Combustors. Part 1: Potential

for Oxidation of PartiallyReacted Fuel,” S. P. Lukachko, D. R. Kirk and I. A. Wai@T-
200230077 Proceedings of ASME Turbo Expo, Amsterdam, The Netherlands, June 2002.
Journal of Engineering for Gas Turbines and Poviéol. 125, July 2003.

"Gas Turbine Engine Durability Impacts of High F4et Ratio Combustors. Part 2: Near
Wall Reaction Effects on Filftooled Heat Transfer,” D. R. Kirk, G. R. Guenette, S. P.
Lukachko and I. A. WaitzGT-200230182 Proceedings of ASME urbo Expo, Amsterdam,
The Netherlands, June 20Qkurnal of Engineering for Gas Turbines and Powéol. 125,
July 2003.

OHistorical and Future Trends in Aircraft Performance, Cost and Emissions,O Lee, J. J.
Lukachko, S. P., Waitz, I. A., and Schafer, Ainvited contributionAnnual Review of Energy
and the Environmen¥olume 26, 2001.

OMobility 20010, Marks, D., et al., World Business Council for Sustainable Development,
Switzerland, 2001.

OAviation and Climate Change,O R.C. Miake, |.A. Waitz, D.W. Fahey, C.E. Kolb, H.L.
Wesoky, and C.C. Wewerospace Americé&eptember, 2000.

OHeterogeneous Reactions in Aircraft Gas Turbine Engines,OR.C. Brown, R. €L.yMdjake
P. Lukachko and I. A. Waitfzeophysical Research Lettekéol. 29, No. 10February, 2002.

OTurbine and Nozzle Effects on Emissions,O I. A. Waitz et al., Part 7 of Chapter 7 (Aircraft
technology and relation to emissions) of Part 2 (Aviation technology and emissions mitigation)
of

UN sponsored Intergovernmental Panel on Clar@ihange (IPCC) Special Report on Aviation
and the Global Atmosphere, 1999.
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OConfined Swirling Flows with Heat Release and Mixing,0 D. Underwood, I. A. Waitz, and
E. M. GreitzerJournal of Propulsion and Powg¥olume 16, Number 2, MareApril, 2000,
pp. 169177.

OProduqtion of Sulfate Aerosol Precursors in the Turbine and Exhaust Nozzle of an Aircraft
Engine,O S. P. Lukachko, I. A. Waitz, R. C. Midke, R. C. Brown, and M. A. Anderson,
Journal of Geophysical Researdplume 103, No. D13, July 10998.

OEffects of Engine Aging on Aircraft NOx Emissions,O S. P. Lukachko, | A. Waitz, Paper 97
GT-386, ASME Turbo Expo, Orlando, Florida, Jung,21997.

OChemical Processes in the Turbine and Exhaust Nozzle, O S. P. Lukachko, I. A. Waitz, R. C
Miake-Lye, R. C. Brown, and M. R. Anderson, M. R., presented at the International
Colloquium on the Impact of Aircraft Emissions upon the Atmosphere, Paris, France, October
1518, 1996.

"Streamwise Vorticity Enhanced Mixing in a Reacting Shear Layer,” D. S.riwndd, and I.
A. Waitz, AIAA Journal of Propulsion and Powerolume 12, No. 4, JuhAugust, 1996.

"Investigation of a Contoured Wall Injector for Hypervelocity Mixing Augmentation”,
l. Waitz, F. Marble, and E. Zukos&AA Journa) Vol. 31, no. 6, Jun&993.

"Vorticity Generation by Contoured Wall Injectors”, I. Waitz, F. Marble, and E. Zukoski,
presented at the AIAA/SAE/ASME 28th Joint Propulsion Meeting, Nashville, Tennessee, July
6-8, 1992.

"A Systematic Experimental and Computational Investigatiba Class of Contoured Wall
Fuel Injectors,” I. Waitz, F. Marble, and E. Zukoski, AIAA-0825 presented at the AIAA
30th Aerospace Sciences Meeting, Reno, Nevada, Jarn$ario8?2.

"Planar Rayleigh Scattering Results in Heliin Mixing Experiments ina Mach 6 Wind
Tunnel,” B. Shirinzadeh, I. A. Waitz, J. Balla, M. E. Hillard, J. B. Anders, and R. J. Exton
Applied Opticgvol. 31, No. 30, October, 1992.

"Shock Enhancement and Control of Hypersonic Mixing and Combustion®,

F. Marble, E. Zukoski, J. JacebG. Hendricks, and I. Waitz, AIAA 91981, presented at the
AIAA/SAE/ASME/ASEE 26th Joint Propulsion Conference, Orlando, Florida, Juki816
1990.

Aircraft Noise

OChallenges and Promises in Mitigating Transportation Noise,O |. A. Waitz, R. J.&&@nhar
E. HansonThe Bridge National Academy of Engineering, Vol. 37, Fall 2007.

O\ssessment of Silent Aircraft-Enabled Regional Development and Airline Economics in the
UK,” R. Tam, P. Belobaba, K. R. Polenske, I. A. Waitzh AIAA Aerospace Sciences
Meeting and Exhibit, 8 - 11 Jan 2007

OTrailing Edge Blowing for Reduction of Turbomachinery Fan Noise,O J. M. Brookfield and .
A. Waitz, AIAA Paper 98321, 4th AIAA/CAES Aeroacoustics Conference, Toulouse,

France, June-2, 1998 AIAA Journal of Proplsion and PowerVolume 16, Number 1,
Januaryrebruary 2000, pp.564
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OAeroacoustic Measurement of Transient Hot Nozzle Flows,O D. R. Kirk, D. O. Creviston and
l. A. Waitz, 5th AIAA/CAES Aeroacoustics Conference Proceedings, 1999, Aldunal of
Propulsion, Volume 17, Number 4, JUlyAugust 2001, pp. 92835.

OA MixerEjector NoiseSuppressor Model,O D. Tew, and I. Waitz, ,O0 AIAA Papd68Z,
AIAA Aeroacoustics Conference Proceedings, May 199AA Journal of Propulsion and
Power,Volume 14, No. 6NovemberDecember 1998

OTransient Testing Techniques for Jet Noise Measurements,O J. M. Kerwin, I. A. Waitz, AIAA
Paper 971684 , AIAA Aeroacoustics Conference Proceedings, May 1997.

Olmpact of Compressibility on Mixing with Lar§eale Streamwise Viices,O D. Tew, and |.
Waitz, AIAA Paper 972637, AIAA Joint Propulsion Conference, June 199AA Journalv.
42, Number 11, pp. 2393396, 2004

"Preliminary Assessment of Wake Management Strategies for Reduction of Turbomachinery
Fan Noise,” I. A. Wdg, J. M. Brookfield, J. Sell, and B. J. Hayden, CEAS/AIAATR,
AIAA Journal of Propulsion and Powgklolume 12, Number 4, Julkugust, 1996.

"The Role of Streamwise Vorticity in Compressible Mixing Downstream of Lobed Mixers," D.
Tew, |. Waitz, J. Hemanson, and E. Greitzer, AIAA 95746, presented at the 31st
AIAA/ASME/SAE/ASEE Joint Propulsion Conference, San Diego, CA, Jui§2,01995.

Gas Turbine Engines

Olmpact of Compressibility on Mixing Downstream of Lobed Mixers,O D. E. Tew, J. C.
Hermansn and I. A. Waitz,QIAA Journalv. 42, Number 11, pp. 2393396, 2004

OEndwall Blockage in Axial Compressors,0 S. A. Khalid, A. S. Khalsa, I. A. Waitz, E. M.
Greitzer, C. S. Tan, N. A. Cumpsty, J. Adamczyk, and F. E. Marble, ASME Turbo Expo,
Stockhom,Sweden, June 1998, ASME of TurbomachineryVol. 121, No. 3, pp.49911,

July, 1999.

ORotor Wake Decay: Effect of Swirl,0 J. M. Brookfield, I. A. Waitz, J. Sell,O ASME Paper 96
GT- 495, ASME Turbo Expo, Orlando, Florida, Junés,21997, andAIAA Journa of
Propulsion and Poweilyolume 14, No. 2, Marcipril, 1998.

"Enhanced Mixing with Streamwise Vorticity," I. A. Waitz, J. K. Elliot, A. K. S. Fung, J. M.
Kerwin, J. K. Krasnodebski, M. N. O'Sullivan, Y. J. Qiu, D. E. Tew, E. M. Greitzer, F. E.
Marble,C. S. Tan, and T. G. Tillmarogress in Aerospace Scienc®®l 33, Number 5/6,
May/June 1997.

"A Computational Study of Viscous Effects on Lobed Mixer Flow Features and Performance,”
M. N. O'Sullivan, I. A. Waitz, E. M. Greitzer, C. S. Tan, and W. lwes AIAA Journal of
Propulsion and PoweNolume 12, Number 2, MareApril 1996.

"Vortices in AerePropulsion Systems”, I. Waitz, E. Greitzer, and C. TafiJuid Vortices ed.
S. Green, Kluwer Academic Publishing, 1994.

"Enhanced Mixing in Gas Tunbeé Propulsion Systems,” I|. A. Waitz, T. G. Tillman, D. C.
McCormick,Global Gas Turbine Newsnternational Gas Turbine Institute, August 1993.
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Micro Heat Engines

OMicrocombustion,O C. Spadaccini and |. A. Waitz, chapt@ornmprehensive Microsystems
eds. Y. B. Gianchandani, O.Tabata, and H. Zappe, Elsevier, New York, NY, 2007

OCatalytic Combustion Systems for Mi@cale Gas Turbine Engines,O C. M. Spadaccini, J.
W. Peck, and I. A. Waitz, GT2088382, Proceedings of the ASME Turbo Expo, June 2005,
Journal of Engineering for Gas Turbines and Powéslume 129, Issue 1, pp. 4D, January
2007.

"High Power Density Silicon Combustion Systems for Micro Gas Turbine Engines,” C. M.
Spadaccini, A. Mehra, J. Lee, X. Zhang, S. Lukachko, and I. A. Wa&itz2200230082
Proceedings of ASME Turbo Expo, Amsterdam, The Netherlands, June 28@2al of
Engineering for Gas Turbines and Pow¥ol. 125, July 2003.

"Development of a Catalytic Silicon Mict@ombustor for Hydrocarbefueled Power
MEMS," C. M. Spadecini, X. Zhang, C. P. Cadou, N. Miki, and I. A. WaliSznsors and
Actuators A 103 (2003) 219-224.

Olgniters and temperature sensors for a rsicate combustion system,O Xin Zhang, Amit
Mehra, Arturo A. Ayo«n, lan A. WaitzSensors and Actuators103(2003) 258262

"CentimeterDiameter Gas Turbine Generators for Compact Power,” A.H. Epstein, S.A.
Jacobson, Y. Gong, R. Khanna, J. Lang, H. Li, L. Liu, C. Livermor&.HJoon, J. Protz, N.
Savoulides, M. Schmidt, C. Spadaccini, M. Spearing, C.J. T¥¢aitz, D. WardProceedings

of the 2003 Power & Energy Collaborative Technology Alliance Symposium.

"Development of Polysilicon Ignitors and Temperature Sensors for a Micro Gas Turbine
Engine," X. Zhang, A. Mehra, A. A. Ayon, and I. A. Waitz, IEEE 16iternational Micro
Electro Mechanical Systems Conference, Las Vegas, Nevada, Jamn2ary22D2.

OA 6Wafer Combustion System for a Silicon Micro Gas Turbine Engine,O Mehra, A., Zhang,
X., Ayon, A., Waitz, ., and Schmidt, M., Spadaccini, Burnal of Microelectromechanical
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