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Foreword

Aerosols have environmental effects ranging from degradation of local to regional visibility,
contamination of lakes and ecosystems, damage in agricultural production, increased human mortality,
and global climate change. Unfortunately, one of the least understood of the possible environmental
effects from aircraft emissions is that of particles, both those emitted directly, which are mostly composed
of soot, heavy hydrocarbons, and trace metals, and those resulting from emitted particle precursors such
as water vapor, sulfur oxides, nitrogen oxides, and hydrocarbons.

The Aviation Particle Emissions Workshop was held November 18 to 19, 2003, at Cleveland, Ohio. It
was sponsored by the Ultra-Efficient Engine Technology (UEET) Project under the Vehicle Systems
Program (VSP) of the National Aeronautic and Space Administration (NASA). The workshop was
organized with the objective of building a comprehensive research roadmap to strengthen partnership
between U.S. stakeholders and research entities in understanding aviation particulate emissions.

Participants came from a broad spectrum of government agencies, aviation industries, and scientific
and technical research communities. The workshop started with presentations of perspectives from the
Federal Aviation Administration, the Environmental Protection Agency, NASA, and airports. It was
followed by five interactive technical sessions: sampling methodology, measurement methodology,
particle modeling, database, inventory and test venue, and air quality. Summaries of five sessions were
presented by the session chairs to conclude the workshop.

This workshop achieved its objective of providing a sound foundation of the particulate research
roadmap and a forum for discussions among all stakeholders and researchers.

Chowen Chou Wey
NASA Glenn Research Center
Cleveland, Ohio
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Aviation Particle Emissions Workshop

November 18 and 19, 2003

Tuesday, November 18, 2003

Time Topic Speaker/Chair
8:00—8:05 a.m. Welcome
8:05-8:35 a.m. EPA Perspective Bryan Manning, EPA
8:35-9:05 a.m. FAA Perspective Julie Draper, FAA
9:05-9:35 a.m. Airport Perspective Ian Redhead, ACI-NA
9:35-10:05 a.m. NASA Perspective Joe Shaw, NASA

10:05-10:20 a.m.

Objective and Expected Outcomes

Chowen Chou Wey, NASA

Break
1050 Sampling Methodology—Current Understanding and |Robert Howard, AEDC, and
~vam= Issues Bruce Anderson, NASA
—12:20 p.m.|Discussion
Lunch Break
1:20 o.m Measurement Methodology—Current Understanding  |Phil Whitefield, UMR, and
=V P and Issues Doug Worsnop, ARI
—2:50 p.m.|Discussion
Break
] . . . Rick Miake-Lye, ARI, and
3:20 p.m.— Particle Modeling—Current Understanding and Issues Med Colket, UTRC
—4:50 p.m.|Discussion

Adjourn
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vii




Aviation Particle Emissions Workshop

November 18 and 19, 2003

Wednesday, November 19, 2003

Time Min. Topic Speaker/Chair
8:30 a.m Database, Inventory, and Test Venues—Current Steve Baughcum, Boeing, and
T Understanding and Issues Gregg Flemming, DoT
—10:00 a.m.|Discussion
Break
10:30 am.— Local Air Quality, Modeling, and Don Wuebbles, UlUrbana, and
' o Measurements—Current Understanding and Issues Wayne Miller, UCRiverside
—12:00 p.m.|Discussion
Lunch Break
) ) Robert Howard, AEDC, and
1:30-1:45 p.m. Report of Session 1 Conclusion Bruce Anderson, NASA
. . Phil Whitefield, UMR, and
1:45-2:00 p.m. Report of Session 2 Conclusion Doug Worsnop, ARI
) ] ) ) Rick Miake-Lye, ARI, and
2:00-2:15 p.m. Report of Session 3 Conclusion Med Colket, UTRC
] ] . . Steve Baughcum, Boeing, and
2:15-2:30 p.m. Report of Session 4 Conclusion Gregg Flemming, DoT
) ) Don Wuebbles, UlUrbana, and
2:30-2:45 p.m. Report of Session 5 Conclusion Wayne Miller, UCRiverside
2:45-3:30 p.m. Recommendations and Next Step

Adjourn
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Session 3:
Particle Modeling—Current Understanding and Issues

R.C. Miake-Lye
M. Colket

Needed modeling elements for a research roadmap

Over all goal of modeling efforts:

Develop numerical modeling tools to establish an understanding
of particulate formation and destruction and the relationship
between combustor particle emissions, their engine exit
properties, and particles deposited in the atmosphere

1. Probe effects modeling
+ Begin development of modeling capability representing
sampling exhaust with condensable gases: understanding of
particle processes in probes
+ Applications to combustors, engine exit, and plume/wake

2. Combustor Modeling
¢ Quantitative predictions of non-volatile carbonaceous
particulates (number, size, and mass, properties) (advanced
engines)
m Effects of fuel aromatics (quantities and properties)
m Effects of fuel sulfur (quantities and properties)
m Hydrophilic/hydrophobic characteristics
m Changes due to engine operating conditions
m combustor pressure effects
m Oxidation
m Agglomeration levels
m Effects of humidity on particle formation
m Uncertainty/sensitivity analyses
m use on existing tools
+ Quantitative predictions of volatile hydrocarbon precursors
m For environmental impact (global and regional)
m For health effects/local air quality
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m Good validation data sets
m Internal combustor data
m Combustor exit data
m Characterization of existing fleets
m What data should be provided by experimentalists

3. Post combustor Modeling

¢ What is important? Continued connection to Stakeholders
m For environmental impact (global and regional)
m For health effects/local air quality
m What will be regulated?

+ Continued interaction with measurement programs to obtain
comparisons between model parameters and specific
observations
m lon impacts not fully quantified
m Relative role of sulfates and condensable organics indeterminate
m Which organics are important (fuel versus o0il?)

+ Quantitative understanding of condensation of volatiles onto
non-volatile particles: model studies and comparison to

measurements

m Sulfur or organics or both

m Partitioning of volatile species between volatile particles and
condensed matter on non-volatile cores

m Relative mass of volatile component on non-volatile core

+ Obtained detailed understanding of processes that affect
particle evolution in turbine/nozzle (NASA/QinetiQ versus
Partemis)

m Sensitivities to operational parameters

m Use existing tools
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Session S: Effects of Particles from Airports on Air Quality: Session Summary

Don Wuebbles
Wayne Miller

It is important scientifically to understand the effects of airports on local air quality. One of the
potentially major issues relate to the effects of emissions of particles and particle precursors.
This summary is divided in three parts. Each part has an objective plus priorities for research.

Measurements

Existing measurements of particles near airports only focus on measuring total mass. These
measurements are insufficient to adequately characterize particles from aircraft and from other
airport related sources.

The objective is to establish atmospheric measurement capabilities that can fully characterize
airport-related particle. The more general objective extends this to capabilities to fully
characterize particles affecting overall air quality.

Research Priorities

e Confirm total mass with new EPA Method 5/202 methods.

e Measure particle size and number with several methods that are based on independent
scientific principles.

o Compute and compare mess to first bulleted priority to establish a new
methodology.

e Determine particle speciation — measure organic particles and toxics.

e Interact with health experts to determine key measurement priorities for toxics on
particles.

e Develop improved plan (relative to existing measurement programs) for determining best
locations to measure the airport contributions to local air quality.

Emissions Inventory

Existing emissions inventories in the vicinity of airports are based on inadequate measurements
of the emissions. For aircraft, the emissions are estimated based on smoke number (or on old
data for some aircraft), which is totally inadequate for the PM2.5 particles of particular concern.
For airports, these emissions are summarized using the EDMS model, which also has well
known limitations. The emissions for the region are typically then characterized onto a grid
through use of the complex SMOKE model.

The objective is to establish more accurate atmospheric emissions inventories for the
emissions associated with aircraft and with airports.
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Research Priorities

e Make sure accurate measurements are made and used in inventories for all airport related
sources. For aircraft this means emissions as a function of engine, fuel flow, operating
conditions (including transients), fuel composition and other factors.

e Develop improved representation of take-offs/landings to make sure all emissions in the
boundary layer are accurately represented. Make sure these emissions can be adequately
represented in the grid structures of 1 km or less that will be available in next generation
numerical models used to study air quality.

e Similar concerns about representing emissions from airport mobile and fixed emissions
sources.

e Develop improved predictive capabilities for future emissions.

Air Quality Modeling

The existing approach to understanding local and regional air quality is to use either dispersion
models or grid models. Dispersion models have the advantage of requiring little computational
power (therefore allowing many runs to be done on personal computers), but have major
limitations in accuracy under a variety of atmospheric conditions. Grid models can much more
fully represent the chemistry and physics affecting air quality but are also much more
computationally intensive.

The objective is to develop enhanced capabilities for understanding the effects of airports on
local and regional air quality.

Research Priorities
e Improved emissions inventories are key to improving air quality studies.
e Likewise the improved measurement capabilities are key to verifying modeling
capabilities, to provide “ground truth” for air quality analyses and predictions.
e The analyses of airport effects would be enhanced by improved modeling capabilities
aimed particularly at better representation of:
o particle physics and chemistry processes,
o local and regional meteorology,
o the effects of buildings on air quality transport and deposition
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