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Motivation

« Measurements of non-intrusive soot volume fraction in flames are
important in understanding pollutant formation

» Typical methods are laser induced incandescence (LII) and

extinction
LIl Extinction
Absolutely quantitative x \
High spatial resolution \ x
High sensitivity v x
Short response time x
Low cost x \

» The sensitivity and resolution of extinction measurements can be
improved by using a laser absorption cavity.
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Theory of extinction measurement

« Lambert-Beer Law -2  Rayleigh approximation!*!
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Extinction measurement

638 nm, cw, 150 m\W diode laser
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Operating conditions considered

Case CH,(A) CH,(B) C;Hg C,H,(A) C,H,(B) il
Inner diameter of fuel tube (mm) 10.5
Inner diameter of air tube (mm) 96.8
Fuel flow velocity (cm/s) 7.69 10.20 2.69 3.62 4.43
Air flow velocity (cm/s) 7.92 14.60 8.65 7.92 8.65
Fuel mass flow rate (slpm) 0.40 0.53 0.14 0.18 0.23
Air mass flow rate (slpm) 35.0 65.8 38.2 35 38.2 il
Visible flame height (mm) 7542 98+2 85+2 65+2 85+2 —
Soot refractive index m 1.57-056i
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LIl measurement system
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Height above burner (mm)

Methane flame soot volume fraction-Case A
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Height above burner (mm)

Methane flame soot volume fraction-Case B
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Ethylene flame soot volume fraction-Case A
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Height above burner (mm)

Ethylene flame soot volume fraction-Case B
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Propane flame soot volume fraction

HAB=10 mm HAB=15 mm HAB=20 mm
8 8 8
100 e  Extinction
6 LIl 6 6
g g g
a4 a4 a4
%0 L ] L
[ n 2 n 2
] L]
80 Obesssssss esssssssanssse Obo-o-oo0000088 00 oaosoass 0¢ 2
0 2 4 6 0 2 4 6 0 2 4 6
Radial distance (mm) Radial distance (mm) Radial distance (mm)
70 HAB=25 mm HAB=30 mm HAB=35 mm
_— 8 8 8
IS
£
— 60 _ 6 _ 6 _ 6
2 3 € £
5 g4 g4 g4
0 w [T L
o 50 B2 B2 &2
3 ¢
o ® []
Q °
[ 0 4 0¢ 06
—
£ 40
k= 0 2 4 6 0 2 4 6 0 2 4 6
% Radial distance (mm) Radial distance (mm) Radial distance (mm)
HAB=40 mm HAB=45 mm HAB=50 mm
30 8 8 8
6 6
20 € z
g4 % g4
L HH c |
n 2 n 2
10
0 0
0 0 2 4 6 0 2 4 6 0 2 4 6
0 3.0 6.0 Radial distance (mm) Radial distance (mm) Radial distance (mm)

Radial distance (mm)

UNIVERSITY OF

CAMBRIDGE




Uncertainty analysis

Instrument noise Flame fluctuation  |Uncertainties from Abel

Depends on the transform

) af af flow field and the
E 22 E ;
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Laser-cavity extinction is a reliable soot volume fraction measurement
tool for low-soot conditions.

Sensitivity down to 20 ppb with a spatial resolution of 200 pm.
Can be easily applied to unsteady cases.
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