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Motivation for Seeking Alternative Aviation Fuels

 Almost 60% of US oil is imported—Ilarge fraction from
unfriendly countries

e Worldwide demand is increasing—fuel prices have doubled in
two years, causing large increases in transportation costs

e Fossil fuels are non-renewable, cause increases in atmospheric
greenhouse gas concentrations

e Synthetic Fischer Tropsch fuels are already available and can be
manufactured domestically from coal or natural gas

e Alternative fuels produced from bio feedstocks can be carbon-
neutral—have little impact on greenhouse gas levels

e Alternative fuels typically contain no sulfur or aromatic
hydrocarbons—Ileads to much lower soot and sulfate emissions

U.S. Air Force Is certifying all its aircraft for 50:50 Alt Fuel Blend



Alternative Aviation Fuel Issues

How do the fuels effect handling equipment and aircraft fuel
systems?

How do the fuels effect engine performance (thrust,
temperatures, etc)—do they offer any advantages over
standard fuels?

How do the fuels impact engine gas and particle
emissions?

How do alternative fuels effect volatile aerosol formation in
aircraft plumes



Alt Fuel Test at West Palm Beach

Participants
* NASA GRC and LaRC
 Pratt and Whitney

 Air Force Research Lab

» Aerodyne Research, Inc
= ° United Technologies Research Center

* Alt fuel effects on performance
* Alt fuel effects on gas and particle emissions
 Fuel sulfur effects on plume chemistry
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PW308 Test Setup

Elevated Test Stand Enine and Setup
* Pratt Canada PW308 turbo fan engine
«Fuels: -8, 50:50 blend, 100% FT
308 « Translating probe rake mounted at 1 m
Rake / « Gas sample lines heated
\ Gas/"nes AFRL Trailer * Aerosol samples diluted 10 X with dry N2
Valve Boxes

T * Fixed probe mounted 50 m behind engine

Aerosol lines

NASA + ARI Trailer

50 m Probe



Full suite of Particle Measurements Recorded
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Fuels Tested in PW308
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Performance and gaseous emissions similar for fuels

RATIO - Blend/JP8 RATIO — FT100%/JP8

Thrust (Rotor Speed N1) JFuel flow NOXx CO SO, Fuel flow I NOx I CO I SO,
LOW (2200) 0.999 097 | 095 | 050 | 0985 | 097 | 090 | 0.05

INTERMEDIATE (4500) 1.00 0.98 NA | 054 | o982 | o097 | na | 012
HIGH (5750) 0.995 1.0 NA ]| o054 | o978 | 098 | NA | 01

GASEOUS EMISSIONS
e At low power

— NO, emissions are within instrument measurement capabilities
— Lower CO with FT & blend may be due to higher H/C ratio

* At intermediate/high power

— Very low CO emissions make ratios irrelevant to evaluate differences between the
fuels

— No significant difference in NO, emissions
* Negligible unburned hydrocarbons at all power conditions for both fuels

e SO, emissions indicate Sulfur content of the blend to be around 50% of JP8
while for 100% FT fuel a value of 0.1% indicates contamination

e ~2% fuel flow benefit with 100% synthetic fuel due to higher heat content

Negligible differences in gaseous emissions & performance as

expected due to similarity in the physical properties of the fuels



FT fuels reduce particle number and size

Low power case High power case
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o FT particle emissions are smaller and difficult to discriminate from
background at lower thrust conditions as compared to high power runs



Particle Size Proportional to Fuel JP-8 Content

Particle Mean Diameter

HJP-8

I Blend

HFT

Particle Mean Diameter (nm)

Idle 30% 65% H 65% 75% 85% H 85%

Engine Setting

Differences in particle size diminish at higher power settings



FT fuels produce much lower particle emissions

Nonvolatile Number Emissions
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100% FT produces >90% reduction in particle number and mass at idle,

100

30 to 40% at high engine power; reductions for blend less substantial



Measuring PM emissions at 50m requwes
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Correlation between species reveals aerosol chemistry

JP-8 — CO,/number peaks coincide with sulfate peaks

CPC
1
1

AMS SO4 PM

I I 1 l 1 1 1 1 |
3:47:00 PM 3:47:30 PM 3:48:00 PM 3:48:30 PM 3:49:00 PM

Data and time

1 1 1 1 1
'3:46:00PM  3:46:30 PM
3/26/2008



New Particle Formation Suppressed in FT Plume

Total Particle Emission Ratios at 1 and 50 m
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» At engine idle, 98% reduction in total particles within FT plume



Summary of PW308 Test

* Negligible differences in thrust and fuel flow between fuels
» Only slight differences in gas phase emissions between fuels

* PM emissions for the different fuels:

» Particle number and mass reduced by 90% when burning FT fuel;
reduction decreases with power

» FT particles much smaller, appear to be more dense than JP8

» Emission reductions not proportional to the fraction of FT

» FT suppresses volatile aerosol formation in plume

» FT fuels produce slightly lower organic aerosols, essentially no sulfate

» At 50 m, JP8 idle Number Els 45 times higher that FT; differences
decrease with power

» At 50 m, plumes generated by FT combustion contain “less” particle
sulfate than ambient air
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