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VARIAnT3 Overall Study Goals

ÅInvestigate the response of black carbon instruments: LII, MSS, MSS+, and 
CAPS PMssa
ÅAs challenged by various Diffusion Flame Combustion Aerosols (DFCASs) and fuels 

(anticipating changes in size distribution, apparent density, and morphology of the 
test aerosol particles)

ÅDirectly varying the concentration at each steady-state DFCAS operating condition 

ÅVarying the organic carbon/elemental carbon (OC/EC) ratio of the test aerosol with 
and without an inline catalytic stripper

ÅCollect particle samples for assessment of morphology using TEM analysis

ÅPerform CPMA/DMA measurements for assessment of particle density versus size 

ÅIf possible, assess whether the CAPS PMssaand LII and MSS with sensitivity 
improvements still meet type certification requirements
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Overall Study Scope
ÅMultiple DFCASs: 

Å2013 Cummins Model ISX15 heavy duty diesel engine (NVFEL)τengine out only 

ÅLibby Welding Company (AiResearch) Model GT-05 gas turbine start cart (AEDC/UTSI) 

ÅLibby Welding Company (AiResearch) LGT-60 gas turbine start cart (AEDC/UTSI) 

ÅJ-85-GE-5 gas turbine (AEDC/UTSI)

ÅISUZU 4LE2T  diesel engine generator set (AEDC/UTSI)

ÅMultiple fuel types:

ÅULSD Certification diesel fuel (ISX15)

Å100% Hydrogenation-Derived Renewable Diesel (HDRD) fuel (ISUZU)

Å50% HDRD/Jet-A blend (LGT-60)

ÅJet-A (GT-05, LGT-60, and J-85)

Å45% Camelina/Jet-A blend (LGT-60 and J-85)

Å70% Camelina/Jet-A blend (J-85)
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Motivation for density measurements

ÅNew standards for aircraft particle mass. Particle number, and CO2 are planned 
for 2020

ÅParticle standards are to be based on solid particle number larger than 10 nm , 
and solid particle mass

ÅSampling conditions are brutal, imagine sampling from an exhaust stream at 
Mach 1 and 900 K with engines producing up to 530,000 N (120,000 lbf) thrust

ÅThis necessitates very long sampling lines, up to 35 m, leading to significant 
particle losses, especially for particle number

ÅThus line loss corrections must be made ςthese corrections require knowledge of 
(among other things) particle density
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Long sampling lines necessitate a line loss 
correction which requires knowledge of density

SAE International Aerospace Information Report 6241T. E. Murphy Engine Research Laboratory

Recommended aircraft sampling line configuration (SAE International Aerospace Information Report 6241)



Lineloss correction method
ÅSize dependent corrections are required but the 

SAE E-31 committee decided against direct 
particle size measurement

ÅThe only measurements available are 
nonvolatile particle mass and number (nvPM
and nvPN)

ÅRequires well validated line loss model, 
currently uses UTRC model

ÅAssumptions
ÅNo nucleation or coagulation
ÅEngine exit plane size distribution is lognormal

ÅEffective particle densityand sg are known

ÅThe remaining unknowns are the exit plane 
number concentration and geometric mean 
diameter. 

ÅThese values are varied in an iterative solution until 
the exit plane distribution, before line losses yields 
the observed downstream nvPMand nvPN
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Preliminary Draft - DO NOT Distribute 8

Sampling System Schematic for AEDC

Manifold Outlets

T = Thermocouple Temperature Measurement

P = Pressure Measurement

MGA = FTIR for Raw CO2 & other gaseous concentrations)

TW = External sampling tube temperature

CAP = Capped Line

V = Ball Valves

NV = Needle Valves

PD = Primary Diluter

PDVV = Primary Diluter Vent Valve

PDVNV = Primary Diluter Vent Needle Valve

SD = Secondary Diluter

SDVV = Secondary Diluter Vent Valve

SDVNV = Secondary Diluter Vent Needle Valve

           = Dark Black denotes line segments actively heated to ~160 °C

           = Gray denotes line segments actively heated to ~ 60 °C

           = Light blue denotes line segment not actively heated (some wrapped)



Approach

For each combustion source particle properties were varied by

ÅChanging load

ÅChanging fuel

ÅUsing a catalytic stripper (CS) to remove adsorbed semivolatilematter 
and separate semivolatileparticles
ÅCS operated at 350 C, some material tightly bound to particles may remain

ÅParticles measured downstream of CS are defined as nonvolatile PM (nVPM) 
ƻǊ άǎƻƭƛŘέ ǇŀǊǘƛŎƭŜǎ

ÅConcentration varied over wide range by varying dilution ratio
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Apparatus for CPMA  measurements

Adapted from Olfert, et al., JAS 37 (2006) 1840-1852

Sample in
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