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Abstract
In planar laser imaging of optically dense sprays, artifacts from laser extinction and signal attenuation can only
be removed if effects introduced by multiple scattering are suppressed beforehand. In this article Structured Laser
Illumination Planar Imaging (SLIPI) is used to simultaneously account for multiple light scattering, monitor the
incident laser power and estimate the true light transmission. By applying this novel approach and recording data
at successive depths within an atomizing spray, light losses due to laser extinction and signal attenuation could
be compensated for by post-processing calculations based on the Beer-Lambert law. Finally an estimation of the
local extinction coefficient is extracted within the three dimensions of an inhomogeneous cloud of droplets. In this
investigation an aerated water spray running at 3 bar water and 4.2 bar air injection pressure is used. Due to the
internally air-assisted design of the nozzle, an optically dense cloud of fine droplets was generated with a minimum
of ∼5 % light transmission at 2.3 cm below the nozzle tip. It is believed that this new method, which account for
laser extinction and signal attenuation after the initial correction of multiple scattering by means of SLIPI, is key
to extract and reconstruct a correct representation of the extinction coefficient within an inhomogeneous cloud of
polydisperse droplets. Such quantitative information is of fundamental importance for advanced analysis, opti-
mization and control of modern atomizing sprays.

Figure 1. Left side: Example of a single planar image using a modulated laser sheet crossing the aerated spray.
Right side: The black solid line shows the intensity modulation along the vertical central axis (white dashed line).
Based on n = 9 images and Eq. ??, the SLIPI and the Conv. signals are extracted along the vertical central axis.
The contribution of the unwanted light intensity introduced by multiple scattering is represented by the grey area.
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Figure 2. Left side: Example of the conventional and SLIPI images built up from 9 modulated images where the
spatial phase Φ is shifted 8 times by ∆(Φ) = 2π/9. Right side: The maximum light intensity removed from the
conventional image almost reaches 90% in the region closest to the nozzle tip.

Figure 3. Example of image processing from the SLIPI image (light intensity) to an image showing the spatial
distribution of the extinction coefficient µe (in mm−1). These images correspond to the central axis of the spray.


