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Alnvestigate the response of black carbon instruments: LII, MSS, MSS+, and
CAP¥PMssa

A As challenged by various Diffusion Flame Combustion Aerosols (DFCASSs) and fuels
(anticipating changes in size distribution, apparent density, and morphology of the
test aerosol particles)

A Directly varying the concentration at each steadgte DFCAS operating condition

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

A Collect particle samples for assessment of morphology using TEM analysis
A Perform CPMA/DMA measurements for assessment of particle density versus size

Alf possible, assess whether the CARSsaand LIl and MSS with sensitivity
Improvements still meet type certification requirements
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A Multiple DFCASS:
A 2013 Cummins Model ISX15 heavy duty diesel engine (N\VEEdihe out only
A Libby Welding CompanpiResearchModel GT05 gas turbine start cart (AEDC/UTSI)
A Libby Welding CompanpiResearchLGT60 gas turbine start cart (AEDC/UTSI)
A J85-GES5 gas turbine (AEDC/UTSI)
A ISUZU 4LE2T diesel engine generator set (AEDC/UTSI)

A Multiple fuel types:
A ULSD Certification diesel fuel (ISX15)
A 100% Hydrogenatio®erived Renewable Diesel (HDRD) fuel (ISUZU)
A 50% HDRD/Jék blend (LG®0)
A JetA (GT05, LGT60, and B5)
A 45% Camelina/Jei blend (LGB0 and B5)
A 70% Camelina/Jei blend (B5)
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ANew standards for aircraft particle mass. Particle number, anca@planned
for 2020

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

ASampling conditions are brutal, imagine sampling from an exhaust stream at
Mach 1 and 900 K with engines producing up to 530,000 N (12hDaarust

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

AThus line loss corrections must be magiese 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

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

Section 1

Section 2 Section 3 Section 4 Section 5
\ Probeln - Splitter] In Splitter] In - Diluter] Out Diluterl Out- Cyclone In Cyclone In —Instrument In PM Measurement
b L - L | » < P
! *(Length=8m) ; **(Length =1 m) | “(Length=245+0.5m) | **(Length <3 m) i
Filtered Diluent
(Air orNy) <10 pp
olati
| O, Analyz
| Sampling : [COsl
/ Prohes H
) Heat |
i | | Splitter2 . Pum
i i Diluter i i . P
; : (DFy s=8-14) '
| : Py T Flow =252 slpm : — 60415°C Filter  Flow Controller Primary Pump
H Thige = 145°C H | | Tlm 60£15°C {ak&n]) Flow @
i i ® D =7.59
i i Isolation Valve 1
: i Lum :
H 1 ! Cyclone Separator
! i preen e . Vent !
i : ! GL (Gas Line ) ) !
g Collection Part pig Transfer Part -r..: ersd Diluent Gas
i ' P (Topieally Ain)
1 >
: H From CO, Analyzer in GL
< ' > 2 }
Length<35m : Splitterl [CO;]
*%* Sum of Sections 1-4 Shall Not Exceed 35 m
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Lineloss correction method

A Size dependent corrections are required but tf
SAE B1 committee decided against direct
particle size measurement

A The only measurements available are
). Number line nonvolatile particle mass and numbewvPM
"F’D (D V'E' (D) " Penetration, ny(D,) and nVPI\)

A Requires well validated line loss model,

Density, p
Mass line
Penetration, ny(D,)

g )
Lognormal
fu(D,) ne Tign(D,, DGN,0)
LN

N currently uses UTRC model
AdeSt N-.—'--ul plane I .
[and oGN | A Assumptions
~ . .
_ : A No nucleation or coagulation
[ F J (Ma - Mm_«,-_m)z i (Nmm— - N.mm_f_q)z } A Engine exit plane size distribution is lognormal
.................... _ Mmeas )] N\ Nmeas. ] A Effective particle densityands ; are known

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

A These values are varied in an iterative solution un
the exit plane distribution, before line losses yield
the observed downstreamvPMandnvPN

Calculate final N, piune 300 Moy giane
facy, N i ,-"N
fac,,= f'M
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@ Sampling System Schematic for AE n
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For each combustion source particle properties were varied by
A Changing load
AChanging fuel

AUsing a catalytic stripper (CS) to remove adsodedivolatilematter
and separatesemivolatileparticles

ACS operated at 350 C, some material tightly bound to particles may remain

AParticles measured downstream of CS are defined as nonvolatile PR
2NJ aaz2tf ARe LI NUAOt Sa
AConcentration varied over wide range by varying dilution ratio
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Apparatus for CPMA measurements

Sample in

Adapted from Olfert, et al., JAS 37 (2006) 12862
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