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INTRODUCTION 

In this study we introduce the time-shift technique, also known as the pulsed-displacement technique, as a 
means of measuring size and velocity of spherical particles. The measurement technique is not new, it has 
been introduced by Semidetnov[1] in 1985 and more generally discussed by Hess and Wood[2], Lin et al[3], 
Damaschke et al.[4] and Albrecht et al[5]. The novelty introduced in this study is the application of the 
technique to measure non-transparent particles, which are quite common for example in spray drying 
processes or in paint sprays. In this contribution the basic working principle of the time-shift technique will be 
reviewed and an optical configuration suitable for the measurement of non-transparent droplets will be 
presented. The signal generation and processing will be discussed. Example measurements in a milk spray are 
presented. 

METHODS 

The measurement principle of the time-shift technique is only briefly summarized here, since adequate 
descriptions can be found elsewhere. e.g. Albrecht et al. 2003[5]. The measurement principle of the time-shift 
technique is based on the light scattering of a single particle from a shaped light beam, whereby the size of 
illuminating beam must be of the same order in size or smaller than the particles to be measured. The light 
scattered from a single particle can be interpreted as the sum of all scattering orders present at the detector 
location. With the geometrical optics approximation this corresponds to examining the propagation of 
individual rays of light through the particle with varying number of internal reflections, as described in detail 
by van de Hulst[6].  
The typical experimental setup consists of one light source and two photodetectors placed around the light 
source (see Figure1a). The light is focused by an optical system to a light beam with a small beam waist. The 
measurement volume is defined by the size of illuminating beam and the imaging optics in front of the 
detectors. An example signal of a single milk particle passing through the measurement volume is shown in 
Fig. 1b. 
In the case of non-transparent particles, e.g. droplets of emulsions, dispersions or suspensions, refracted light 
rays will no longer propagate undisturbed through the droplet due to absorption or secondary scattering from 
the dispersed phase, and these rays no longer contribute directly to the scattered light at a given detector 
position. Nevertheless, light entering such particles can scatter from scattering centers of the dispersed phase 
within the particle and this may result in some scattered light intensity observed at the detector (Figure 1a). 
The analog signal arising from this portion of scattered light will be termed the baseline signal, or signal 
pedestal. 
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CONCLUSION 

The primary aim of the present work was the further development of the time-shift technique for 
characterization of dispersion/emulsion droplets in a spray. Although this measurement technique has been 
known for over 20 years, until now it has not been applied to spray characterization because of several 
secondary problems which have been outlined and partially solved in this study. The study concludes with 
example measurements, demonstrating the functionality of the measurement technique. The example 
measurement was performed with a combination of time-shift technique and time-of-flight technique to 
measure the size and the velocity of the droplets respectively. 
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