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ABSTRACT

The need is demonstrated for a method and apparatus that measures particulate concentration and primary particle
size, that is spatially and temporally resolved, that is capable of real-time measurement and analysis, and that has
high sensitivity, wide measurement range, and wide dynamic range, with laser-induced incandescence offering the
required capabilities.

The state-of-the-art in LII methodology is briefly reviewed. Details on the effects of laser fluence spatial profile and
the effects of the temporal laser fluence distribution are presented, demonstrating the significance of the spatial
profile on the excitation curve, and the temporal distribution on the particle temperature and size. The usefulness of
LII as a diagnostic instrument for the precise measurement of particulate concentration and primary particle size is
demonstrated. Measurements were performed in laminar diffusion flames, the exhaust of a single cylinder DI
research diesel engine, and with carbon black.

The use of three wavelength detection to determine particle surface temperature, combined with absolute sensitivity
calibration, provides a sensitive, precise, and repeatable measure of the particulate concentration over a wide
dynamic range. The LII technique produces good correlation with the gravimetric filter method measurements in the
diesel engine exhaust on a mode-by-mode basis over a wide range of operating conditions. The primary particle size
can be determined from the LII signals, and the method is precise enough to distinguish particle sizes for different
operating conditions in a diesel engine. Once the particulate concentration and primary particle size are known, it is
possible to determine the number density of primary particles.
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