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Implementation of the wellImplementation of the well--known scattering/extinction known scattering/extinction 
technique and application to a shock tube.technique and application to a shock tube.
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SUMMARYSUMMARY

Limitations and difficulties of the technique 

Experimental set-up and procedure

Time-resolved measurements for soot particles formation and growth

General background



ExperimentalExperimental setset--up up 
((ØØ = 78.4 mm)= 78.4 mm)

Mixture Temperature 
(T5, K)

Pressure
(P5, KPa)

[C]  atom/cm3

2%C2

 

H4

 

+ 98%Ar 1850-2100 500 6.4*1017-8.7*1017

2% C2

 

H4

 

+ 0.5%H2

 

+97.5%Ar 1850-2100 500 6.6*1017

 

– 8.4*1017

2%C7

 

H8

 

+1%H2

 

+97%Ar 1850-2100 500 6*1017-7.9*1017

N° 1 2 3 4 5 6 7 8

Volume (liter) 10.2 1.69 1.69 4.8 4.8 1.69 3.8 3.8

length (mm) 890 340 345 995 995 345 800 360

Calculated Pressure 
(bars) 70 50

1 2 3 4 5 6 7 8

C1DD C2 C3 C4



OPTICAL LAYOUTOPTICAL LAYOUT
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chopper at 40KHz
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IR laser

chopper

periscope

d.mm

PHD+f

m = mirror

d.m.= dichroic mirror

f = interferential filter

pol=polarizator

M=monochromator

PMT = photomultiplier

L = lens

PHD = photodiode

488+800 nm90°

L

pol

PMT

polPMT

PHD
L

L

fv I/I0 Extinction diode laser λ = 800 nm

Scattering Ar+

 

laser λ

 

= 488 nm
Iscat & I/I0 dp



scatt 160°

scatt 20°

scatt 90°

emiss

Laser 
(Ar+, IR)

Shock tube Shock tube withwith ØØ = 78.4 mm= 78.4 mm



0 0.004 0.008

time (s)

0

1

2

3

4

-0.004

-0.002

0

0.002

0.004

0.006

-0.5

0

0.5

1

1.5

2

2.5

run501
ext-IR
ext-488
pressure

in
te

ns
ity

 (a
.u

.)

TypicalTypical
 

timetime--resolvedresolved
 

extinctionextinction/scattering /scattering 
measurementsmeasurements, , rawraw

 
datadata

100% ext

0% ext

2% C2

 

H4 in Ar

0 0.004 0.008

time (s)

-0.3

-0.2

-0.1

0

0.1

-1.6

-1.2

-0.8

-0.4

0

0.4

-1.6

-1.2

-0.8

-0.4

0

0.4

-0.5

0

0.5

1

1.5

2

2.5

run501
scatt@90
scatt@20
scatt@160
pressure

in
te

ns
ity

 (a
.u

.)

P5= 555 kPa

 

and T5 = 2010 K



-0.001 0.000 0.001 0.002 0.003 0.004
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

f v [p
pm

]

time [s]

488 nm ext - T=2010K

800 nm ext - T=2010K

632.8 nm ext - T=2023 K

Extinction signal MeasurementExtinction signal Measurement

From extinction: time-resolved behavior of   Kext and fv

Maximum value of fv reached behind the reflected shock wave
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Scattering signal Measurement (1/2)Scattering signal Measurement (1/2)
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Scattering signal Measurement (2/2)Scattering signal Measurement (2/2)
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Particles Characterisation

ratio (20°/160°) for 
aggregation

dp,

Np

Characterization of soot formation and growth

Soot Volume Fraction

Induction delay time

Soot Growth Costant

Soot Yield

Extinction Measurements

 
(time-behavior)

+ scattering 
measurements
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ParametersParameters
 

: : NNpp, d, dmm

3 ms

Growth characterized by two different rates (the faster at the beginning of soot 
nucleation).

The number density presents a fast increase due to soot nucleation, followed by a 
decrease due to coagulation mechanisms. 
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ResultsResults: : InductionInduction
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E = 43.4 KJ/mol-1



ResultsResults: : sootsoot
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ConclusionsConclusions

For the technique:

No aggregation effects occur in the range of temperature 
and pressure investigated

He-Ne laser as well as the IR one can be used for fv 
measurements by extinction

With H2

 

addition:

The soot yield curves present the same optimum temperature 
(around 1990K) but exhibit a strong decrease in the maximum 
value (less than the half by adding 1%H2)

No influence is detected on the induction delay time and the 
particle diameters.
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