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l Concern about urban air quality/health:
– further reductions in diesel PM regulations 

– 1988 - 0.6 g/bhp-hr, 2000 - 0.1 g/bhp-hr, 2007 – 0.01 g/bhp-hr
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correlation with the filter mass 
measurements over a wide 
range of operating conditions 
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l LII experimental approach:

– pulsed focused laser beam – Nd:YAG, 20 ns pulse

– laser light produces rapid heating of PM to 
incandescence temperature

– carbonaceous PM radiates incandescence as it 
cools to ambient temperature

– incandescence signal is collected to determine PM 
concentration

l LII theory

– a state-of-the-art numerical model of nanoscale 
(time and space) heat transfer to and from the 
particles
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l Measure incandescence, Iλ, at two 
wavelengths and solve for temperature, T
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l Number of primary particles, Np, is then 
determined from the ratio of the experimental 
intensity to Pp
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Temperature Decay Rate Related to Particle SizeTemperature Decay Rate Related to Particle Size

0 500 1000 1500 2000
1500

2000

2500

3000

3500

4000

4500

Time (ns)

T
em

p
er

at
u

re
 (

K
)

Introduction • Theory • Results • SummaryIntroductionIntroductionIntroduction • Theory • • Theory • • Theory • Results • Summary• Summary• Summary



Sandia
National
Laboratories

Sandia
National
Laboratories

Introduction • Theory • Experimental • Results • SummaryIntroductionIntroductionIntroduction • • • TheoryTheory • Experimental• Experimental• Experimental • Results• Results• Results • Summary• Summary• Summary
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lthe primary particle diameter may be inferred 
(McCoy and Cha, 1974)

• Conduction phase
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differential between the 
particle surface and the 
ambient gas decays 
steadily in an exponential 
manner
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l Single point calibration is made in a known 
source at a known temperature, which results in 
an absolute sensitivity (in W/m3·ster) for the 
detection system

l Must account for losses through optical 
components (lenses, filters, fibers, windows, etc.) 
and the gain characteristics of the 
photodetectors

l Method can be automated and invisible to the 
user
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AVL 8-Mode Steady-State SimulationAVL 8-Mode Steady-State Simulation
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• Engine speed
600 to 1900 rpm

• Load 0 to 95%

• Engine speed
600 to 1900 rpm

• Load 0 to 95%



Sandia
National
Laboratories

Sandia
National
Laboratories

Diesel Particulate ConcentrationDiesel Particulate Concentration

1 .10
7

1 .10
8

1 .10
9

1 .10 4

1 .10 3

0.01

Absolute Intensity (W/m*3.steradian)

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

1 .10
7

1 .10
8

1 .10
9

1 .10 4

1 .10
3

0.01

Absolute Intensity (W/m*3.steradian)

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

1 2 3 4 5 6 7 8
0

0.005

0.01

0.015

Mode

P
ar

tic
ul

at
e 

V
ol

um
e 

Fr
ac

tio
n 

(p
pm

)

1 .10 4 1 .103 0.01
1 .10

4

1 .103

0.01

Gravimetric PVF (ppm) 

L
II 

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

Mode-by-Mode

Comparison

Calibration

Introduction • Theory • Experimental • Results • SummaryIntroductionIntroductionIntroduction • Theory • Experimental• Theory • Experimental• Theory • Experimental • • • Results • Summary• Summary• Summary

AVL 8 – mode steady-state simulationAVL 8 – mode steady-state simulation



Sandia
National
Laboratories

Sandia
National
Laboratories

Introduction • Theory • Experimental • Results • SummaryIntroductionIntroductionIntroduction • Theory • Experimental• Theory • Experimental• Theory • Experimental • • • Results • Summary• Summary• Summary

1 2 3 4 5 6 7 8
0

0.005

0.01

0.015

Mode

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

1 .10
7

1 .10
8

1 .10
9

1 .10 4

1 .10
3

0.01

Absolute Intensity (W/m*3.steradian)

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

1 2 3 4 5 6 7 8
0

0.005

0.01

0.015

Mode

P
ar

tic
ul

at
e 

V
ol

um
e 

Fr
ac

tio
n 

(p
pm

)

1 .10 4 1 .103 0.01
1 .10

4

1 .103

0.01

Gravimetric PVF (ppm) 

L
II 

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

Mode-by-Mode

Comparison

Calibration

Diesel Particulate ConcentrationDiesel Particulate Concentration
AVL 8 – mode steady-state simulationAVL 8 – mode steady-state simulation



Sandia
National
Laboratories

Sandia
National
Laboratories

Introduction • Theory • Experimental • Results • SummaryIntroductionIntroductionIntroduction • Theory • Experimental• Theory • Experimental• Theory • Experimental • • • Results • Summary• Summary• Summary

Diesel Particulate ConcentrationDiesel Particulate Concentration

1 .10 4 1 .10 3 0.01
1 .10

4

1 .10
3

0.01

Gravimetric PVF (ppm) 

L
II 

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

1 .10
7

1 .10
8

1 .10
9

1 .10 4

1 .10
3

0.01

Absolute Intensity (W/m*3.steradian)

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

1 2 3 4 5 6 7 8
0

0.005

0.01

0.015

Mode

P
ar

tic
ul

at
e 

V
ol

um
e 

Fr
ac

tio
n 

(p
pm

)

1 .10 4 1 .103 0.01
1 .10

4

1 .103

0.01

Gravimetric PVF (ppm) 

L
II 

P
ar

ti
cu

la
te

 V
o

lu
m

e 
F

ra
ct

io
n

 (
p

p
m

)

Mode-by-Mode

Comparison

Calibration

AVL 8 – mode steady-state simulationAVL 8 – mode steady-state simulation



Sandia
National
Laboratories

Sandia
National
Laboratories

Introduction • Theory • Results • SummaryIntroductionIntroductionIntroduction • Theory • • Theory • • Theory • Results • Summary• Summary• Summary

Diesel Summary:  LII vs. GravimetricDiesel Summary:  LII vs. Gravimetric
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• Gravimetric sampling includes an organic fraction that 
does not contribute to the signal measured by LII

• Repeatability of our gravimetric data is poor compared 
to LII method

• The density of the particulates is required to convert 
the mass determined by the gravimetric filter method 
to a volume fraction for comparison with LII, and 
density used is for dry soot

• LII measurements could have been made in the 
exhaust manifold with 5 to 10 times higher signal levels
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EGR Transient (1500 RPM, throttle @ 25% max)EGR Transient (1500 RPM, throttle @ 25% max)

0 10 20 30 40 50 60 70 80 90 100 110 120
0

0.005

0.01

0.015

0.02

0.025

time (sec)

Co
nc

en
tr

at
io
n 

(P
PM

)
SMPS (150 nm)SMPS (150 nm)LII DataLII Data

Introduction • Theory • Experimental • Results • SummaryIntroductionIntroductionIntroduction • Theory • Experimental• Theory • Experimental• Theory • Experimental • • • Results • Summary• Summary• Summary

Smoothed LIISmoothed LII

EGR - 0% to 65%EGR - 0% to 65%
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EPA LA4 Cold Start CycleEPA LA4 Cold Start CycleEPA LA4 Cold Start Cycle

*note:  break in axis with different scaling above 1 mg/m3
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Comparison of particulate levels determined by LII (top) and ELPI 
(bottom) for hot start LA-4 transient cycle
Comparison of particulate levels determined by LII (top) and ELPI 
(bottom) for hot start LA-4 transient cycle
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Detail illustrating relative temporal response and 
sensitivity of LII and ELPI.

Detail illustrating relative temporal response and 
sensitivity of LII and ELPI.
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Note: ELPI does not follow 
large change in PM
Note: ELPI does not follow 
large change in PM
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l LII is a potential method for online 
monitoring of particulate emissions

l Practical calibration method for measuring 
soot/particle concentration successfully 
developed

l LII method has been shown to have a high 
dynamic range and sensitivity 

l Can operate at very low concentrations –
post-particulate filter trap

l Measurements can be made without dilution
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l Method has very high precision 
(repeatability)

l Comparisons to Gravimetric methods show 
the potential accuracy of the LII method

l LII data comparisons to the SMPS and ELPI 
demonstrate the superior time response 
and capability in measuring transient 
particle emissions 

l LII combined with other methods may best 
fulfill future monitoring requirements
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