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Test participants
•

 

Air Force Research Laboratory (AFRL):

– Edwin Corporan
– Chris Klingshirn
– Joe Mantz
– David Anneken
– Matt DeWitt
– Matt Wagner
– Dean Brigalli

•

 

U. S. Environmental Protection Agency, Office of Transportation and Air Quality (EPA-OTAQ):

– Bob Giannelli
– Solveig Irvine
– James Sanchez

•

 

U. S. Environmental Protection Agency, Office of Research and Development (EPA-ORD):

– John Kinsey

•

 

Artium Technologies, Inc.:

– Will Bachalo

•

 

Sensors, Inc.:

– Carl Ensfield
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Measurement activities
•

 

AFRL:
– Operation of T63 helicopter engine on JP-8 and Fischer-Tropsch (F-T) fuels
– Raw combustion gases including smoke number and LECO filters in smoke meter for 

elemental carbon 
– Diluted sample streams with Thermo 5012 Multi-Angle Aerosol Photometer (MAAP) 

for black carbon (BC) and TSI 3936 Scanning Mobility Particle Sizer (SMPS) for 
particle number and size distribution

•

 

EPA-OTAQ:
– Triplicate filter sampling for total particulate matter (PM) using 40 CFR Part 86.1065 

apparatus
– AVL 483 Microsoot Sensor (MSS) photoacoustic analyzer  for BC on undiluted probe

•

 

EPA-ORD:
– NIOSH Method 5040 quartz filter sampling for elemental carbon/organic carbon 

(EC/OC) on diluted line
– MAAP for BC on same diluted line

•

 

Artium:  
– LII 300 laser induced incandescence analyzer (BC) on undiluted line
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EPA Part 1065 sampling system
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Photo of engine test cell and equipment
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3. Short heated line
4. Line temperature 
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to AVL MSS 
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analyzer
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EPA-ORD sampling system
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Artium
 

Model LII 
300 in use at 
WPAFB
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Pulsed Nd:YAG Laser   
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Probe configuration
East Side Exhaust Outlet West Side Exhaust Outlet

EPA Probe for equipment inside cell

0.062 “ dia 0.180 “ dia

 AFRL MAAP
0.057” dia dilute at 
tip

 EPA MAAP dilute 
10” downstream
75’ 3/8” line

FTIR/Smoke 75’ ¼” 
line 

AFRL Part Cart
0.039” dia dilute at 
tip
75’ 3/8” line

Not used

LII
75’ 3/8” line

1
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6 5
87

Organization Instrument Probe Test No.
Engine 
Power

Average 
Dilution Ratio

AFRL LECO 2 All All 0
MAAP 6 1,2,4 4 5 to 43

1,2,4 30 10 to 48
1,3,4 85 12 to 36
1,3,4 100 100 to110

MAAP 4 3 4 5 to 43
2,3 30 10 to 48
2 85 12 to 36
2 100 100 to110

6 (FT Fuel) 5 4 5 to 43
5 30 10 to 48
5 85 12 to 36

EPA-ORD NIOSH 5040 1 All 4 19
All 30 26
All 85 44
All 100 47

MAAP 1 All 4 19
All 30 26
All 85 44
All 100 47

EPA-OTAQ AVL Microsoot Sensor 7 All 2
Part 1065 Filters +  8 4 11

MPS 30 11
85 11
100 11

Artium LII 4 1,2,4 4 0
1,2,4 30 0
1,3,4 85 0
1,3,4 100 0

LII 6 3 4 0
2,3 30 0
2 85 0
2 100 0

4 (FT Fuel) 5 4 0
5 30 0
5 85 0

Probes 7 and 8
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Photo of probes and sampling lines in 
engine exhaust
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EPA-ORD data comparisons
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Direct output from MAAP (1-minute data)
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NIOSH 5040 Elemental Carbon Emission Indices (JP-8 Only)
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EPA MAAP Black Carbon Emission Indices for JP-8
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EPA MAAP Black Carbon vs. NIOSH 5040 Elemental Carbon for F-T Fuel 
(85% Power--Test 5)
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MAAP Black Carbon vs NIOSH 5040 Elemental Carbon (All EPA Data)

y = 2.4615x - 27.143
R2 = 0.9092
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EPA-ORD vs. AFRL data comparisons
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Comparison of EPA MAAP vs. AFRL MAAP Black Carbon (BC)

y = 0.7059x + 13.622
R2 = 0.7442
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MAAP Black Carbon vs LECO Elemental Carbon (AFRL Data)

y = 2.3341x + 30.729
R2 = 0.7
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NIOSH 5040 Elemental Carbon (EPA) vs LECO Elemental Carbon (AFRL)
(EPA filters on diluted line; LECO filters in smoke meter)

y = 0.6232x + 79.31
R2 = 0.9303

0

50

100

150

200

250

300

350

400

0 50 100 150 200 250 300 350 400

Average NIOSH 5040 Emission Index (mg/kg)

A
ve

ra
ge

 L
EC

O
 E

m
is

si
on

 In
de

x 
(m

g/
kg

)



20

NIOSH 5040 Filters vs. LECO Filters
(both filter sets in smoke meter)

y = 0.4737x + 103.47
R2 = 0.9583
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Artium
 

LII vs. EPA-ORD data comparisons
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Artium LII Black Carbon vs EPA NIOSH 5040 Elemental Carbon (All Data)

y = 1.4916x - 37.476
R2 = 0.9499
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Artium LII Black Carbon (BC) vs NIOSH 5040 Elemental Carbon (EC)
(NIOSH Filters in Smoke Meter--Test 2)

y = 1.0561x - 7.7012
R2 = 0.99
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Artium LII vs. AFRL LECO Emission Indices (JP-8)
(LECO filters in smoke meter)

y = 2.081x - 183.98
R2 = 0.8142
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Artium LII Black Carbon vs. EPA MAAP Black Carbon (All Data)

y = 3.6457x - 89.414
R2 = 0.8902
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EPA-OTAQ data comparisons
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Total PM Emission Indices from Part 1065 Teflon Filter Samples (JP-8)
(3 filter samples/test condition)
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Total PM Emission Indices for Part 1065 Teflon Filters (FT Fuel)
(3 filter samples for each power condition)
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EPA-OTAQ vs. EPA-ORD Total PM Emission Indices (Test 2)
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AVL Photoacoustic Black Carbon vs. NIOSH 5040 Elemental Carbon

y = 1.43x - 25.62
R2 = 0.9729
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AVL Photoacoustic Black Carbon (BC) vs. EPA MAAP BC Emission Indices

y = 3.4582x - 72.003
R2 = 0.8878
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AVL Photoacoustic Black Carbon (BC) vs. Artium LII BC Emission Indices

y = 1.0028x + 7.8383
R2 = 0.9885
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Conclusions (1)
•

 

Good precision was observed for both NIOSH 5040 and EPA MAAP for 
low power conditions but at higher power, the EIs were not as precise

•

 

The EIs derived from both the EPA and AFRL MAAP instruments are well 
correlated (r2 = 0.91 to 0.93) with those determined by NIOSH Method 
5040

•

 

Comparisons between the EPA and AFRL MAAP instruments were not as 
good as seen in prior studies, probably due to different operating 
configurations as well as the use of the 1-min data off the instrument 
instead of post-processed results.

•

 

The EIs generated from the LECO smoke meter filters were poorly 
correlated (r2 = 0.7) to the AFRL MAAP results but were well correlated (r2 

= 0.96) to NIOSH 5040

•

 

The EIs determined by the LII are highly correlated (r2 = 0.95) to those 
derived from NIOSH 5040. This is especially true (r2 = 0.99) for the NIOSH 
filters used in the smoke meter for Test 2.
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Conclusions (2)
•

 

The EIs derived from the LII data are only moderately correlated (r2 = 0.81) 
with the LECO results but show better agreement (r2 = 0.89) with the EPA 
MAAP instrument

•

 

Significant variation was found in the Part 1065 filter sampling from test to test 
for the same engine power condition.  The cause of this variation is still under 
investigation.

•

 

Generally poor agreement was observed between the Part 1065 Teflon filter 
sampling conducted by EPA-OTAQ in the test cell as compared to that 
performed by EPA-ORD at the end of a 75-ft sampling line.  Significant 
differences in probe design and dilution ratio could explain at least some of 
these variations.

•

 

Good correlation (r2 = 0.97) was found between the AVL photoacoustic 
analyzer and NIOSH 5040 but a slightly lower agreement (r2 = 0.89) was 
found between the AVL and the EPA MAAP.

•

 

Excellent agreement (r2 = 0.99) was observed between the AVL 
photoacoustic instrument and the Artium LII analyzer.
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