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1. Introduction

Laser-induced fluorescence (LIF) is frequently
used as a diagnostic tool in combustion research,
offering high spatial and temporal resolution, high
species selectivity, and low intrusion. In many cases,
absorption of laser light and/or fluorescence needs
to be corrected for. UV-LIF measurements of nitric
oxide (NO) can be significantly affected by g@b-
sorption [1,2]; additional absorption can be caused
by aromatic fuel compounds, soot, and—especially
at high temperatures—0 In this Brief Communi-
cation, we parameterize the UV absorption spectrum
of Oy, and demonstrate the effect oh@nd CO
absorption on NO LIF measurements in a diesel en-
gine.

2. O, absorption spectra

Fig. 1 shows Q absorption cross sections for a
number of temperatures, simulated with LIFSiaj.
Unlike the smooth, structureless gCabsorption
spectrum[1], the G spectrum consists of many
closely spaced rovibronic lines, belonging to the
Schumann-Runge(®(xg — B35 system that ex-
tends from 175 to 535 nif#]. The actual absorption
of an NO (vibronic) fluorescence band depends on
the intensities and relative positions of NO emis-
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sion and Q absorption lines. As this is a numeri-
cally expensive calculation for a fitting procedure,
we approximate the ©absorption cross section by
a simplified curve analogous to the g@bsorption
function [1]. This expression was fitted to simu-
lated absorption spectra (LIFSim) over a range of
temperatures (50& T < 3000 K) and wavelengths
(200< A < 300 nm), yielding

50,(%, T) =expga(T) + b(T)A], 1)
a(T) = —45.25+ 1.34T + 33.66/T, %)
b(T)=1.916—0.593T — 19.36/T, 3)

with o in cmz, A in units of 100 nm, andl" in
units of 1000 K. Some typical curves are shown in
Fig. L Equation(1) represents amverage O, ab-
sorption cross section. At high pressures, the strong
variations in @ transmission are (to some extent) av-
eraged out by the broad NO emission bands. Although
exploo,nl) # exploo,nl), which may cause sig-
nificant errors for large @ column densities, in our
experiments Eq(1) leads to acceptable deviations of
~5% of the transmission of the detected NO fluores-
cence (see below) compared to high-resolution calcu-
lations. For both C@ and G, the (average) absorp-
tion increases with increasing temperature and with
decreasing wavelength.

3. Experiment

NO fluorescence was induced by a 226.035-nm
laser beam directed into the measurement cylinder
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Fig. 1. O, absorption cross section vs wavelength, based on LIFSjnThe straight lines are fits using Edq4)—(3). Vertical
gridlines indicate the band origins, values from Krupddie
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Fig. 2. NO emission spectra (15-shot averages) at various crank angles, all normalized at 271 nm. The spectfuaT B30
is used as a reference spectrum (see text).

of a diesel engine (60 mg fuel injected, gIMEP stroke, 130 aTDC, when temperatures ef800 K
of 411 kPa); an iCCD camera—spectrograph system are too low to cause significant G@nd Q absorp-
recorded thed—X (0, 1)—(0, 4) vibronic fluorescence tion), and normalizing these ratios at 271 nm. By
bands of NO. Rotational structure is not resolved. The taking ratios, the wavelength-dependent detector re-
probe volume is 37 mm away from the detection win- sponse is automatically corrected for. Subsequently,
dow. Further details can be found in Rdfs,6]. these spectra are fitted by simulated @nd CQO
The relative intensities of the NO fluorescence transmission spectra (also normalized at 271 nm). Ad-
bands are governed by (constant) Franck—Condon ditional, wavelength-independent absorption (e.g., by
factors; any observed deviations from these intensity soot) cannot be measured with this technique, being
ratios are attributed to (wavelength-dependent) ab- equal for all NO fluorescence wavelengths.
sorption of the fluorescence. Some measured spectra  In order to limit the number of free parameters,
are shown irFig. 2, clearly showing varying relative  the O number density was not treated as a variable,
intensities during the stroke. Transmission spectra are but instead calculated from Raman scattering by O
obtained after dividing the fluorescence by a refer- and N [6], revealing that only 5& 10% of the Q
ence spectrum (recorded at the end of the combustion in the probe volume is consumed. The remaining pa-
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Fig. 3. (a) Experimental data (symbols) and fitted transmission spectra (solid lines), based on absorptigahy GO(b) The
same transmission spectra, split into the individual contributions by 8@ G .

rameters, C@ density and temperature, follow from  independent measurements of eitherd® CO, den-
the fit. sities.
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