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Motivation 

ÅWhy is the work being done?

Ç The FAA along with the EPA, NASA, Transport Canada, EASA, and FOCA 
has committed to underwrite studies, that address research needs that 
related to corrections for ambient conditions and fuel properties in order 
to establish a regulatory standard to nvPMnumber and mass-based 
emissions.

ÅWhat distinguishes the efforts from prior work in the 

area?

Ç This work is driven by the critical  needs toward standardizing  non-
volatile PM measurement reporting for regulatory purposes.

Ç This work is based and builds on field studies conducted under PARTNER 
projects 29 and 37.
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Objectives

Å Long-term

ï Balloted SAE ARP specifying standardized nvPM measurement methodology.

ï Application of the standardized nvPM Measurement system to: 

Å evaluate and characterize engine to engine variability

Å develop international standard atmosphere (ISA) corrections for NVPM measurements.

Å Assess fuel property correlations with nvPM emissions

ï Develop a line-loss correction methodology using measured mass and number concentrations

Å Near term

ï Standardized sampling methodology performance evaluation:
Å Continue laboratory and field studies building upon SAMPLE III.2, and A-PRIDE** 2,4 

and 5 studies and VARIANT 1 & 2 and MANTRA
ï Close coordination with and feedback from SAE E-31 committee 
ï Common agreement on way forward
ï Demonstrations and Inter-comparisons of AIR6241/Annex 16 appendix 7 compliant systems

Å Demonstrations and inter -comparisons of North American mobile reference 
system at OEM facilities

Å Inter -comparisons with the European mobile reference system and Swiss 
stationary reference system

Å From all of these studies data is shared with E31 committee for systems 
evaluation purposes
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Outcomes and Practical Applications

ÅOutcomes

ïResolution of a number of key research issues associated with 
sampling non-volatile PM including
ÅStandardized system validation

ïParallel line inter-comparisons, repeatability
ï Instrument inter -comparisons, Limits of detection, uncertainties

ï Inter -comparison of OEM and other government sponsored 
compliant systems with the North American Reference System 
(NARS) 

ÅPractical applications

ï Update of ICAO Annex 16 Vol II to include nonvolatile PM for emissions certification of 
aircraft engines

ï Procedure for the Calculation of Sampling Line Penetration Functions and system PM loss 
correction for inclusion in AIR 6504.

ï Standardize nonvolatile PM measurement methodology for R&D and field measurement 
campaigns where possible.

ï Critical input to PMTG for establishing PM emissions standards

ï Standardized nvPMemissions data for the ICAO Emissions Databank, similar to that used for 
gaseous emissions
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Approach

Deployment and validation of an AIR 6241/ Annex 16 vol. 2 appendix 7 

compliant mobile reference non-volatile PM sampling and measurement 

system

Validate

Deploy
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Schedule and Status

System 
Demonstrations 
and Inter-comp

Thru 2014

A-PRIDE 4 
(Nov 2012)

Pratt and 
Whitney 
Canada 

(Apr 2013)

Williams 
International 
(May 2013)

A-PRIDE 5 
(Jul-Aug 

2013)

Pratt and 
Whitney 

(Mar 2014)

Honeywell 
(Jul-Aug 

2014)

System 
Demonstrations 
and Inter-comp

2015 and on

RR

(Mar 2015)

VARIANT 2

(Aug 2015)

Honeywell

(Dec 2015)

NASA

(May 2016)

GE Altitude 
Test Cell 

(Q3-Q4 2016)

GE
(Q3-Q4 2016)

P&W
(Q3-Q4 2016)
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Schedule and Status ïProject 2 tasks

Task 1 Ambient conditions 
corrections for nv PM

pending

Task 2 (a) NARS Upgrade for gaseous 
emissions and smoke number

completed

Task 2 (b) NARS Upgrade to Canadian 

electrical standards 

completion 

scheduled 

April 2016

Task 3 nv PM measurements at RR 
Indianapolis

completed 
Mar 2015

Task 4 nv PM measurements at P&W scheduled for 
Q3-Q4 2016

Task 5 nv PM measurements at the 
VARIANT 2 Campaign

measurement

s completed, 

analysis 
ongoing

Task 6 nv PM measurements at 
Honeywell

measurement

s completed, 

analysis 
ongoing
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Recent Accomplishments and 
Contributions ïVARIANT 2

Objectives:

1. Assess the variability between two independently 
assembled, AIR compliant nvPM measurement systems

2. Conduct more detailed investigations of particle losses in 
compliant sampling systems than those conducted during 
VARIAnT1.
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VARIANT 2 preliminary Observations

üVARIAnT2 data set confirmed the high confidence in the 
sampling system approach and did not adversely impact ARP 
and/or any regulatory documents.

ü Similar instrument to instrument responses to both CAST and engine 

exhaust aerosols were observed as those seen during VARIAnT 1

ü LII exhibited different response to CAST aerosols as compared to 

engine exhaust

ü In VARIAnT 2, MSS showed a slight difference in response to the 

CAST versus engine aerosols, but at a much lower level

ü This work used multiple, well characterized particle sizing instruments 

to validate the UTRC model for determining penetration efficiency of a 

compliant nvPM sampling system. An agreement of + 15% was 

obtained for the AEDC 25-m sample line. The research also 

demonstrated the difficulty of making system loss measurements and 

substantiates the E-31 decision to predict rather than measure system 

losses.

**Supporting data not released for public dissemination at this time
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NASA Combustor Rig Test 

Å Main objective is to investigate the influence of combustor inlet pressure and 
temperature variations on nvPM emissions.

Å Test will be conducted  in the CE-5 medium-pressure flame-tube at NASA Glenn May 
2016.  

Å This device utilizes lean-burn technology and is chosen to provide complementary 
data to that anticipated from the GE studies scheduled for Q3-Q4 2016.

Å NASA will run in parallel a nv PM system (not  AIR6241/Appendix 7 compliant).


