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• Determine exhaust aerosol concentrations and 
speciation as a functions of engine power and fuel 
composition. 

•Determine fraction of fuel S converted from S(IV) 
to S(VI) as a function of engine power and fuel S 

•Determine density and speciation of exhaust 
chemiions 

•Observe evolution of emissions as plume cools 
and ages 

•Examine the stability/repeatability of measured 
particulate emission characteristics 

Project Objectives 



Emission Sources 

T-38 Talon 

J85-GE-5A Turbojet Engines 

3850 lbs thrust 

Boeing 757 

RB-211-535E4  

High Bypass, Turbofan Engines 

 40,100 lbs thrust 



Measurements 

Species/Parameter Technique Group
Engine Parameters Aircraft Systems LaRC

Fuel Sulfur Content X-ray Fluorescence LaRC

Exhaust Parameters (T, P, Velocity) Pitot tubes, thermocouples LaRC

Sample and Exhaust CO2 IR spectrometer LaRC

Aerosol Size and Volatility (3 to 100 nm) Nano DMA UM

Aerosol Size (10 to 1000 nm) DMA, OPC LaRC & GRC

Black Carbon Aethelometer LaRC

Nonmethane Hydrocarbons Grab Samples LaRC/UCI

SO2, CO2, SO3, H2O, HONO TDL Aerodyne/GRC

Aerosol Composition Mass Spectrometer Aerodyne

H2SO4, HONO, HNO3, SO2 Chemical Ion Mass Spect AFRL

Ion Density Gerdien Condenser AFRL

Ion Composition Ion Mass Spec AFRL



Test Facility 



 
Aerosol Sampling Probe 
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Sampling Probes 



Sampling Probes 



Probe Stand/Instrument Sled 



Probe Stand/Instrument Sled 



Test Set-up 



Aerosol Sampling Systems 
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Gas Sampling Systems 
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Langley Aerosol System 
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J85-GE Performance Characteristics 
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Engine Power (%)
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J85-GE Aerosol Emissions 
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J85-GE Emissions 
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RB-211 Test Sequence 
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RB-211 Aerosol Sampling Sequence 
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RB-211 Performance Characteristics 
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RB-211 Performance Characteristics 
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RB-211 Aerosol Emissions 
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RB-211 Aerosol Emissions 
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RB-211 Aerosol Emissions 
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RB-211 Aerosol Emissions 
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RB-211 Aerosol Emissions 

1.0 1.1 1.2 1.3 1.4 1.5

10

100

1000

Aerosol Emissions - 1820 ppms

35 m

25 m

10 m

1 m

 

M
as

s 
EI

 (m
g/

m
3)

Engine Pressure Ratio



RB-211 Aerosol Emissions 
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Figure 8: Variation of aerodynamic diameter of sulfate (red) and organics (green) as a function of probe distance and 
measured for engine power of 1.4 EPR. 

RB-211 Aerosol Emissions 
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Summary of Results 

•Both aircraft emit high concentrations of organic aerosols at low power 
settings. 

•Observed aerosol size distributions were highly dependent upon the 
sample dilution ratio  

•Higher than expected levels of HONO were observed in the B757 
exhaust  

•Chemion densities were consistent with values that are presently being 
used in microphysical models 

•Total particle emission indices were typically a factor of 10 higher at 25 
to 35 meters than at 1 meter downstream of the exhaust plane, indicating 
that significant numbers of new particles form within the exhaust plume 
as it cools and dilutes.  

 



Summary of Results 

•Emission indices for sulfate aerosols were directly dependent on the 
fuel sulfur concentration and typically represented ~0.3% fraction of 
the total sulfur budget. 

•The concentration of sulfate aerosol increased considerably as 
sampling took place progressively further downstream of the exhaust 
plane, suggesting that sulfate particles form and undergo rapid 
growth within aircraft exhaust plumes. 

•Aerosol concentrations and characteristics take several minutes to 
reach equilibrium values after changes in engine power.   This was 
particularly notable when the engines were reduced from high to low 
power, a situation that would be found during the aircraft landing 
cycle.   In this case, the engines produced high concentrations of large 
organic aerosol particles for several minutes after power was reduced 
from a cruise setting to idle.  
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