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AIM of the work

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

biccti few references (Kelleler et al. 1996-
OPJECTIVES 2000, di Stasio et al. 1996, 1998)

To obtain experimental database of C2H4 pyrolysis
Soot Volume Fraction
Particle Mean diameter
Agglomeration (?)
Induction Delay Time
Soot Yield
Growth Constant

To study of the influence of hydrogen on soot
parameters in C2H4 pyrolysis



fiy SUMMARY A

> Experimental set-up and procedure

» General background

> Time-resolved measurements for soot particles formation and growth

» Limitations and difficulties of the technique



Experimental set-up K/IZ

(@ = 78.4 mm)
—KDD ClL c2c3c4
“ “ o m m m o m 0000 00 @ m
7
@ @ & @ ® O, @
N° 1 2 3 4 5 6 7 8
Volume (liter) 102 | 169 [ 169 | 48 | 48 | 169 | 3.8 | 3.8
length (mm) 890 | 340 | 345 | 995 | 995 | 345 | 800 | 360
Calculated Pressure 20 50
(bars)
Mixture Temperature Pressure [C] atom/cm3
(T5, K) (P5, KPa)
2%C,H, + 98%Ar 1850-2100 500 6.4*1017-8.7*1017
2% C,H, + 0.5%H,+97 5%Ar 1850-2100 500 6.6*1017 - 8.4*10Y
2%CHg+1%H,+97 % Ar 1850-2100 500 6*1017-7.9*10v7




OPTICAL LAYOUT |QIE
(iEn Scattering/extinction section "

PMT
m = mirror

d.m.= dichroic mirror
pol

f = interferential filter

pol=polarizator PMT pol 488 nm
M=monochromator -<H< Ar ion laser

PMT = photomultiplier

L =lens
PHD = photodiode

periscope

PHD

L 90
I I //m IR laser
ﬁ PHD+f

Mechanical chopper at 40KHz

m) fv&llye Extinction  diode laser 1 = 800 nm
. D oo & Il ﬁdp
— Scattering  Ar*laser L = 488 nm
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Shock tube with @ = 78.4 mm
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Typical time-resolved extinction/scattering
measurements, raw data
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P5= 555 kPa and T5 = 2010 K



0N Extinction signal Measurement lQE

0.7 -
488 nm ext - T=2010K

0.6 —
00 nm ext - T=2010K

0.5+

632.8 nm ext - T=2023 K
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T T T T T 1
-0.001 0.000 0.001 0.002 0.003 0.004

time [S]
v From extinction: time-resolved behavior of K., and fv

v Maximum value of f, reached behind the reflected shock wave



GiEn Soot kinetic parameters |QE
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Scattering Signal

Scattering Intensity

Scattering signal Measurement (1/2) |Q|Z
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Scattering coefficient [a.u.]

Scattering signal Measurement (2/2)
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Characterization of soot formation and growth

+ scattering

Extinction Measurements measurements

(time-behavior)

4 4

>Soot Volume Fraction > Particles Characterisation
»Induction delay time > ratio (20°/160°) for
> Soot Growth Costant aggregation
>Soot Yield >dp,

> Np
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Some expressions of the extinction/scattering technique

extinction scattering
N
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Soot Particles Parameters : N,, d,, |QE
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v 6rowth characterized by two different rates (the faster at the beginning of soot
nucleation).

v The number density presents a fast increase due fo soot nucleation, followed by a
decrease due to coagulation mechanisms.



Soot Yield (%)

m Y _=87% T _=1985K
® Y =6% T =1996K
opt opt
Y =4.26% T =1998 K
opt opt

! | ! | ! | ! | ! |
1850 1900 1950 2000 2050 2100

Topt -T :
Y =Y, exp| A -

Temperature (K)

O. Mathieu et al. 35" Symposium (Inter.) on Combustion




induction delay time [ms]

Results: Induction delay time

10 -
[ ] C2H4
® +05%H,
A +1% H2
. W
In(t,,,) =5239.129*(1/T)-2.592749
E = 43.4 KI/mol-!
1E-1

I ! I ! I ! I ! I
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Results: soot particle diameter vs temperature
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Conclusions

For the technique:

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

v'He-Ne laser as well as the IR one can be used for f,
measurements by extinction

With H, addition:

v 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%H,)

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