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There is a need for the characterization of drops with an embedded dispersed phase in a wide variety of industrial processes. Examples 
are fuels with dispersed metallic nanoparticles, metallic paints with aluminum flakes, colloidal drops (e.g., ink-jet printing) and encapsulated 
particles covered by a liquid layer, typical for pharmaceutical applications.

1 Simulation of TSTOF signal from a droplet with an embedded flake

Simulated TSTOF signals for a droplet with an embedded flake at varying flake orientations within the drop. The signals are compared with the 
reference signal for the flake detection (α: zenith angle, β: azimuthal angle) [1, 2].

Detector signal
Reference signal

Above / Below: detector above or 
below the laser beam

Signal peak from the reflection scattering has a significantly 
higher intensity.

Signal width of the reflection peak becomes significantly wider.

Signals from detectors above and below the laser beam lose their 
symmetry.

2 Simulation of TSTOF signal from a droplet with an embedded sphere

The figures show the simulated TSTOF signal for a droplet with an embedded sphere at varying positions of the sphere [1, 2].

Detector signal
Reference signal

Above / Below: detector above or below the 
laser beam

Signal peak from the reflection scattering has a significantly 
higher intensity.

Signal amplitude of the second-order refraction peak is reduced 
significantly.

Signals from detectors above and below the laser beam lose their 
symmetry.

3 Simulation of TSTOF signal from a droplet with colloidal particles

A 3D Monte-Carlo ray-tracing model simulates the light scattering. The incident laser sheet is treated as a large number of polarized light rays: 
the Stokes vector of each ray is tracked by multiplying the rotation matrix and the Mueller matrix after each scattering event [1, 2].

Simulated TSTOF signal
Measured TSTOF signal

η depends on the volume concentration of the 
colloidal particles: for droplets of the same size, 
η increases with increasing volume 
concentration of the colloidal particles.
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